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PREFACE. 


Tue Annual Reports of the Geological Survey of Virginia, by 
Professor William B. Rogers, to the Legislature of that State, were 
made many years ago, and, although considerable editions were 
then printed, they have now become extremely rare. Frequent 
requests having been made, by geologists and others, for these re- 
ports, it has been thought desirable to reprint a limited number of 
copies. 

Of the value of the scientific discoveries, the generalizations and 
the descriptions of the geological formations contained in these re- 
ports, there can be no better evidence than the frequency with which 
they are referred to and quoted by all who are engaged in exploring 
the geology of the Virginias, and the aid they have given to the de- 
velopment of the industrial resources of these States, which they 
foreshadowed, and in fact often clearly pointed out, at a time when 
the geology of the State was unexplored. 

In preparing this volume, the correspondence preliminary to the 
several reports and the arguments addressed to the Legislature for 
the continuance of the annual appropriations, e¢ cetera, might have 
been omitted and the results of the labors of the five successive 
years have been so arranged as to present under their respective 
heads all the investigations, of like character, now distributed 
through the several reports; in adopting the present plan, on the 
contrary, the results of the investigations are given in the order in 
which they were made, and at the same time—as interesting to the 
citizens of Virginia—the history of the relations of the survey to the 
Government is simply told. 

Had time and opportunity permitted, it was the intention of the 
author to revise the several reports, incorporating their materials in 
a single memoir, accompanied by a large geological map and illustra- 
tive sections, constructed during the progress of the survey. 
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The geological work of the survey was, by act of the Legislature, 
based on the ‘‘ Nine-sheet Map of Virginia”; but the use.of this map, 
in the field, proved it to be so grossly inaccurate in its topographical 
details as to prevent the publication, at the time, of the results of 
the survey, on a geological map, although the geology was colored 
on this State map with all the accuracy possible on so imperfect a 
basis. | 

It was originally intended to aecompany this volume with a large 
geological map of the Virginias, to be edited by Mr. Jed. Hotchkiss, 
Geologist and Civil and Mining Engineer of Staunton, Virginia, from 
all the geological data left by Professor Rogers. The geological fea- 
tures of this map are to be colored on anew topographical map 
which the editor is preparing from information gathered from many 
sources, the object being to present the geology of the Virginias, as 
determined by Professor Rogers, on the best topographical map that 
can at this time be made. Delays, caused by waiting for important 
topographical surveys now in progress, have made it impossible to 
publish this map at present, but it is hoped that it will not be long 
delayed. Meanwhile a small geological map of the Virginias is 
substituted, it being a reproduction of that which Professor Rogers 
colored geologically, in 1878, for Mr. Jed. Hotchkiss, to accompany 
his “Summary of Virginia,” published in 1876. No change has 
been made in the coloring of this map; some changes and addi- 
tions, however, have been made to bring the map up to date, and 
lines, numbered to correspond with the accompanying geological 
sections and to show their location, have been added. 

The accompanying Virginia geological sections, over ninety in 
number (see List of Illustrations), except those published to illus- 
trate special papers, are now made public for the first time. They 
have been carefully engraved by Messrs. Julius Bien & Co., under the 
direction and supervision of Mr. Jed. Hotchkiss, from the original 
manuscript sections prepared by Professor Rogers during the prog- 
ress of the survey, and subsequently, to illustrate his final report. 
Mr. Hotchkiss writes: ‘‘ No pains have been spared to make these 
exact reproductions, in so far as the geology is concerned, of the see- 
tions as Professor Rogers left them. No changes have been made 
except such as Professor Rogers himself made or indicated should 
be made, by pencil-notes or corrections on the originals. Whenever 
it has been found necessary to reduce in size any of the sections, 
such reductions have been made photographically, thus faithfully 
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preserving the original stratigraphical features of the sections. 
Names of places, in the lettering, have been changed to correspond 
to present usage.” ; 

With these explanations the editor feels that no further apology 
is needed for reprinting the reports and sections unchanged, not- 
withstanding, to use the words ef the author, ‘they are marked by 
the immaturity and imperfection incident to annual reports, made at 
that early period when geological explorations in Virginia were at- 
tended with so many difficulties.” * 

In addition to the annual reports, a number of papers relating 
to the geology of the Virginias have been introduced into the 
volume. 

In the preparation of this work and in the revision of proofs, as 

well as by many valuable suggestions, the editor has been very 
greatly aided by Mr. Jed. Hotchkiss, of Staunton, Virginia, and Dr. 
R. E. Rogers; she desires also to record her obligations to Professor 
Niles and other friends at the Institute of Technology, for their 
kindly interest in the work. ; 


117 Martzoroven St., Boston, May; 1884. 
* Letter of Professor Rogers to Hon. B. Johnson Barbour, 1876, in reply 


to an urgent request from that gentleman for the republication of the Annual 
Reports. 
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SOME OBSERVATIONS 


ON THE 


TERTIARY MARL OF LOWER VIRGINIA. 





(FRoM THE FarMERs’ REGISTER, VOL. II.) 


On the Discovery of Green Sand in the Calcareous Deposit 
of Eastern Virginia, and on the Probable Kxistence of 
this Substance in Hxtensive Beds near the Western Lim- 
its of our Ordinary Marl. 


Witiram anp Mary Comiece, 
June 26, 1834. 


To the Editor of the Farmers’ Register : 


Since my attention was drawn to the nature and properties of 
the New Jersey green sand, by the specimens which you sent me 
for analysis, and by our more recent conversations on the subject, I 
have made a visit to the region in which it is found, and have wit- 
nessed the most striking evidences of its utility asa manure. During 
this excursion I examined the marl in all its varieties, and learned 
many interesting particulars respecting its use from intelligent 
farmers, long experienced in applying it to the soil. I have more- 
over analyzed several specimens collected on the spot with the view, 
if possible, of throwing some light upon its agency when applied to 
the soil. 

Since my return I have made diligent search for this substance 
in our marl beds and the accompanying strata, and am at present 
directing my inquiries to that region of Lower Virginia in which, 
according to geological laws, as well as from some indications of 
which I have heard, this deposit may reasonably be expected to 
occur. As far as relates to the mar! beds of this vicinity, my search 
has been unexpectedly successful. With scarce a single exception, I 
have discovered particles of the green sand, mingled with the ordi- 
nary sand, clay and shells; and in some instances, in so large a pro- 
portion as no doubt greatly to enhance the useful agency of the 
calcareous matter. Indeed, I am inclined to believe, that in some 
cases, the agricultural efficacy of the mar] is chiefly owing to the 
green sand which it contains. In this conclusion I think I shall be 
sustained by facts hereafter to be noticed. 

The general occurrence of this substance in our marl beds is cer- 
tainly a discovery of some interest; and though I may perhaps 
exaggerate its importance in a practical point of view, I cannot but 
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think that it is worthy of the attention of our farmers. I speak of 
its general occurrence, because, although I have examined but few 
specimens from a distance, the general resemblance of our marl 
deposit throughout, together with the almost invariable presence of 
the green particles in such as I have inspected, would seem to justify 
the conclusion that it is a usual accompaniment of our marl forma- 
tion, though by no means in equal proportions in all localities. Out 
of more than forty specimens which I have examined, there were 
only two in which the green particles could not be discovered; and 
as they frequently occur in patches, and not generally diffused 
throughout the bed, it is probable that even in the beds from which 
these two specimens were procured the green sand might be else- 
where found. Some of the most efficient marls in the neighbor- 
hood of Williamsburg contained a marked proportion of this sub- 
stance. At Burwell’s Mill. (three miles below the city, towards 
Yorktown) the intermixture is so large that the sand and detritus of 
shells washed down by the spring freshet display a very distinct 
greenish olive tinge, which even travellers observe as they pass 
through the valley in which the deposit exists. At this place the 
shells, as they are taken out of the extensive bank recently exposed 
by the torrent, are frequently filled with a dark mass containing as 
much as thirty per cent of the green particles. In fact the whole 
bank is strongly tinged by them; and the stratum which overlies 
the shells, in some places five feet in thickness, is precisely similar 
to some of the poorer deposits in New Jersey, and contains upwards 
of thirty per cent of this substance. In Judge Semple’s mar! beds, 
in the same vicinity, the green particles are equally abundant—and 
as in the former case, extend into the incumbent stratum of non- 
calcareous matter. In many instances this layer of overlying earth 
has been found even more efficacious on the soi! than the subjacent 
marl—a fact which might naturally be inferred, when the green 
particles abound chiefly in the upper stratum, from the extraordi- 
nary efficiency of the green sand as experienced in New Jersey. 
But by far the most interesting locality of this substance, in point of 
extent, which I have examined, occurs on the shore of James River, 
adjacent to King’s Mill and Littletown. Here the banks rise per- 
pendicularly to the height of from forty to sixty feet, and for about 
three fourths of this elevation are composed of shells and earth, 
mingled with a large proportion of the green sand, which in some 
places imparts a distinct color to the surface. The sand of the beach 
is also filled with these particles, which the rains have washed down, 
and which at first view present the appearance of the common black 
sand of our river, though in much larger quantity. At Bellefield, 
and other “places on the York river, the banks and beach are simi- 
larly impregnated. 

The green particles may be readily recognized by their want of 
lustre, the ease with which they may be bruised with the point of a 
penknife, and the bright green stain which they then produce. In 
examining earth or marl in which they are very sparsely scattered, 
the particles are sometimes difficult to separate from the other mat: 
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ter. My method is to moisten the end of the knife blade by apply- 
ing it to the tongue, and then to remove several of the particles by 
adhesion. When placed upon a card and bruised, they leave a brill- 
jant stain. This test may be confidently relied on. 

The occurrence of the green sand so extensively through our 
marl region, ‘affords strong grounds for hoping that valuable beds of 
this substance, like those of New Jersey, almost entirely unmingled 
with other matters, may be brought to light by a judicious and enter- 
prising examination of the district on the western limits of our 
marl. And should such a discovery be made, the agriculture of 
Lower Virginia would become possessed of a new and powerful 
auxiliary in furthering its already rapid career of amelioration. 
Even the fact that the green sand often exists in considerable quan- 
tities in and above our ordinary marl beds, which is, I think, now 
sufficiently established, may furnish no unimportant aid in the im- 
provement of our lands, by leading to a more varied and judicious 
adaptation in the application of our manures. 

Independently of the existence of the green sand in a scattered 
state in our calcareous strata, there are other and stronger reasons 
for believing that a deposit similar to that in New Jersey will be 
found in the appropriate region. In a geological arrangement of 
onr various formations, the marl beds of Eastern Virginia and Caro- 
lina, as well as those of Maryland, belong to a later period in the physi- 
cal history of our country than the green sand formation of New Jer- 
sey—the former being referred to the Tertiary, and the latter to the 
Secondary epoch of geologists. Now this tertiary deposit extends 
into New Jersey, and isfound in many places in the latter state near- 
ly contiguous to the green sand. Moreover, indications of the New 
Jersey formation have been found in Maryland; and such is the 
general regularity with which the different geological deposits are 
arranged, that we may fairly infer the existence in Eastern Virginia 
of the green sand, or some deposit equivalent in a geological point 
of view; though, at the same time, it by no means follows that the 
green sand, if actually found, would be sufficiently near the surface 
to render it extensively available asa manure. The object, how- 
ever, is of such magnitude as to justify a very diligent examination, 
and I am therefore desirous of enlisting in this research all those 
readers of the ‘‘ Register’? who reside in the region which has been 
alluded to before. As, however, the success of this investigation 
will be greatly promoted by an acquaintance with the indications 
by which the green sand or its geological equivalents are to be rec- 
ognized, and some knowledge of the properties and constitution of 
the substance itself, I shall here give a brief account of the New 
Jersey formation which I visited, together with the result of several 
chemical analyses of the sand carefully executed by myself and oth- 
ers; and further to interest your readers in this important inquiry, I 
shall add a statement of such facts bearing upon the application and 
agency of the marl as I was enabled to collect during my visit to 
the beautiful region which it has so largely contributed to fertilize 
and adorn. 
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The New Jersey green sand is apparently identical with that se- 
ries of deposits recognized in Europe by the name of the green sand 
formation, characterized by a predominance of minute green par- 
ticles in many of its strata. In Europe these strata are generally 
found alternating with beds of chalk; but in this country no chalk 
is found, unless in the region west of the Mississippi. The fossils 
embedded in the green sand on both sides of the Atlantic are, how- 
ever, so strictly alike, that the geological equivalence of the Ameri- 
can and European beds can scarcely admit of question, and is there- 
fore generally conceded as an established point. It is relevant here 
to remark that in tracmg cotemporaneous or equivalent geological 
formations in different regions, geologists are accustomed to rely 
almost exclusively upon the fossils, whether shells, bones, or vege- 
table remains, which the strata may contain—a procedure to which 
they have been led by the whole tenor of modern developments in 
geology. Now with reference to the New Jersey formation, though 
it would be impossible without numerous drawings and mucli de- 
scriptive matter, uninteresting to general readers, to convey a knowl- 
edge of even the principal shells and other fossils existing in the 
green sand, some account of a few of these fossils may possibly be 
useful in the inquiries which I trust many of your readers will be 
prompted to undertake: 

Ist. Lignite, or carbonized wood, often associated with iron pyr- 
ites of a bright yellow lustre, frequently occurs in the beds over- 
lying the green sand formation, though it sometimes occurs in other 
situations. 

2nd. Amber is often found in a similar position, as was the case 
at the Delaware and Chesapeake Canal. 

3rd. Belemnites, a fossil of a yellow or brown color, in shape 
somewhat like a cigar, but rather thicker—very brittle, and usually 
found broken transversely so as to exhibit its tubular character 
within. 

4th. Ammonites, a fossil presenting the appearance of a snake 
coiled up in a flat coil, and frequently large and ponderous. 

5th. The Hchinus, or Sea-Urchin, sometimes globular, at other 
times much flattened, having numerous little warty prominences, 
and minute perforations symmetrically arranged on its surface, and 
when entire, occasionally furnished with spines or prickles. 

6th. Gryphea, a shell having one valve very deep and convex, 
and the other flat. It somewhat resembles the small shell (Chama) 
very abundantly found in our marl beds. This latter is smaller— 
has a rougher exterior, and has two muscular impressions in each 
valve—whereas the Gryphea has but one. 

7th. Hxogyra, a shell like the former, with one convex and one 
flat valve—but a great deal rougher and more irregular in aspect, 
and of large dimensions. 

8th. The Faleated Oyster, a beautiful shell about one and a half 
or two inches in length, and bent like a Turkish scimetar. 

These rude descriptions, which have no pretensions to scientific 
accuracy, are designed to draw attention to such fossils as may be 
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brought to light in the region in which the green sand may be ex- 
pected to occur—and in this point of view may prove of real value 
in examining for that deposit. Of course a scientific inspection of 
the fossils would be necessary to establish their identity, but this 
can readily be procured by transmitting them to the Academy of 
Sciences in Philadelphia, or by sending them to William and Mary, 
where they would be carefully examined and compared with the 
New Jersey fossils as collected and described.. Indeed there is 
reason to believe that some of the characteristic fossils have already 
been found in Eastern Virginia. A bed of Lignite has been lately 
discovered on the Rappahannock, a few miles below Fredericks- 
burg, the very point at which it might be expected to appear; and 
from information recently received, I am disposed to believe that 
Belemnites may be found near the mouth of Potomac Creek. It 
has been said also that the Gryphea has been found, but I have 
not heard in what vicinity. These facts should furnish an addi- 
tional stimulus to inquiry, and literally no stone should be left un- 
turned in pursuit of so important a discovery. 

The New Jersey green sand is generally found in the valleys and 
meadows, though occasionally it rises to some height in the sur- 
rounding hills. Its depth in many places is very great, and several 
strata occur, separated by layers of shells, or blue clay, or sand 
colored by iron. The general aspect of the green sand is that of a 
bank of moist bluish clay—though in some places the green tint is 
very perceptible. This however only occurs where the earth is 
dry. When thrown into heaps by the side of the pit, the mass 
falls into a coarse powder, in texture and color very closely re- 
sembling gunpowder, on which account it is very commonly 
known by the name of gunpowder marl. This mass consists in 
very large proportion of the pure green sand, having a slight ad- 
mixture of clay, and in many places of minute fragments of shells. 
Occasionally, the bank presents a mass of the pure green sand 
itself—and again, in some places the shells predominate. In 
one of the beds in the vicinity of New Egypt, 1 discovered small 
spicules of gypsum, or sulphate of lime: but this occurred at no 
other locality—and in this place the crystals were so minute and 
few in number as to require the use of a microscope to be seen 
distinctly. The moist mar], when warmed in the hand, exhales a 
strong phosphoric odor, a fact which I believe has not been hitherto 
remarked. 

As already observed, the marl frequently contains shells, both in 
an entire and broken condition, This however, is by no means 
universal. In fact, the great majority of those beds in actual use 
contain either no calcareous matter, or a very minute proportion of 
it. This I ascertained by chemical examination. In the vicinity of 
Arney’s Town, Crosswick’s Creek, and Shrewsbury, as well as other 
places, much of the marl which the farmers spread over their land 
contains no carbonate of lime; while at New Egypt the calcareous 
and non-calcareous marls are both extensively employed, The same 
is true, likewise, of the beds farther south, at Mullica Hill. The 
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green particles themselves have an invariable composition—and 
those of our Virginia marl beds are perfectly identical with those 
of the New Jersey deposit. Thirty grains of the green sand yielded 
by careful analysis: . 


Dilica,eit od. ated) 2 :vdhiiaenl, Qa 15.51 grains. 
Protoxide of dron,w\'. .cilaes wel. toe 7.56 
Potashs¢iio.. une banweaes eee Side ¥! 
Waterjinl.. adieu Lows baer 3:008 6 
Magnesia, Pwatieweteias. ose Tore a trace. 


These results agree very Mokely with the determination of Ber- 
thier of France, and Seybert of Philadelphia. The former operated 
upon the green sand of Europe, the latter upon that of New Jersey. 
It appears therefore that the predominant constituents are silica 
and oxide of iron. . The potash, amounting to about ten per cent, 
is most probably the ingredient chiefly concerned in the agricultural 
agency of the marl, though in what way its connection with the 
other ingredients is severed when the marl is spread upon the land, 
I am at a loss to conjecture. 

Throughout all the district in which this deposit occurs, it is ex- 
tensively employed in agriculture. In the neighborhood of Arney’s 
Town, one of the points which I visited, it has been used as a ma- 
nure for the last thirty years—but its general introduction is of more 
recent date. In the region in which the mar] chiefly abounds, the 
soil is loamy, having in some places a large intermixture of tena- 
cious clay. Last of this tract, which is a narrow band nearly paral- 
lel to the Delaware River, the country assumes an appearance very 
similar to that of the sandy lands of Eastern Virginia, covered with 
a thick growth of pine, and comparatively unproductive. On both 
these varieties of soil the green sand is continually used with the 
most striking benefit. For the clay soils, the more sandy maris are 
of course preferred; and for the sandy soils, those which contain 
some clay along with the marl. The proportion in common use 
vear Arney’s Town, is from ten to twenty loads per acre. In other 
places five loads or even less is found to be sufficient. The action 
of the marl appears to be very permanent, as will be evinced by the 
following statement. In a large quadrangular field over which I 
walked, four successive applications of the marl had been made at 
intervals of four years—commencing about twenty years ago. The 
first dressing was applied to the north side—the second to the south— 
the third to the east, and the fourth to the west—while a small space 
in the centre was left without any marl. AJ] four sides were covy- 
ered with a heavy crop of clover, which was nearly, if not quite as 
luxuriant on the north as either of the other sides, while the space 
in the middle was almost bare. The action of the mar] appears to 
be most powerfully felt by clover and grass, but itis very conspicu- 
ous also with small grain and corn. A very intelligent farmer told 
me that it more than tripled his clover and grass crop, and doubled 
his small grain. 

In general it is.spread upon the clover every fourth year, and 
ploughed in for the next crop. That it is very efficient on sandy soils 
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is evinced by the following striking fact. Some years ago an enter- 
prising farmer near New Egypt, purchased two hundred acres of 
the Pine Barren, which, by marling, he has converted into pasture 
sufficient for one hundred head of cattle. Such is the demand for 
the marl, even at a considerable distance, that it has become an 
article of great profit to the proprietors of the pits, and more than 
one individual was pointed out to me who had risen to wealth by 
the sale of marl. 

From what has been stated it will at once be evident that the 
discovery of extensive and accessible beds of this manure in Vir- 
ginia would be a most important accession to the resources of the 
state, and that an active and diligent search ought forthwith to be 
commenced throughout all the region in which there is a probabil- 
ity that it exists. Every aid which it is in my power to give, will 
be cheerfully bestowed in furtherance of this inquiry: and as I feel 
the double interest of a scientific curiosity, and a sincere solicitude 
for the agricultural prosperity of our state, I shall gladly receive all 
fossils and other specimens which may be transmitted for inspection 
or analysis, giving them a prompt attention, and communicating in 
reply such hints as may promise to be most useful in this deeply in- 
teresting and important investigation. 

. Wo. B. Roaers. 





Apparatus for analyzing Marl and the Carbonates in gen- 


eral. 
Witiiam anp Mary CoLieae, 


June 27, 1834. 
To the Editor of the Farmers’ Register: 


Tue apparatus which I am about to describe, is intended to give 
greater accuracy and facility to the usual process for determining the 
quantity of carbonic acid in marl, or in any of the carbonates. By 
the common method, the two vessels containing severally the marl 
and the muriatic acid are placed in one of the scales of a delicate 
balance, and there counterpoised by weights put into the other 
scale. The acid is then poured upon the marl, and after all the 
carbonic acid has been discharged, the equilibrium is restored by 
adding weights to one, or abstracting them from the other scale. 
In principle, this method is entirely free from objection: but 
as usually conducted, it can not be relied upon as accurate. This 
want of precision arises, in the first place, from the escape of 
aqueous vapor, along with the carbonic acid which is discharged, 
thus making a greater weight necessary for restoring the equilib- 
rium, than is due to the quantity of carbonic acid which has escaped 
—and secondly, from the greater weight of the vessels containing 
the marl and acid impairing the sensibility of the balance, and thus 
rendering it impossible to estimate the carbonic acid to small frac- 
tions of a grain. The first of these objections has long been obvi- 
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ated in the chemical analysis of the carbonates, by causing the gas 
as it escapes to pass through a tube containing dried muriate of lime: 
and the latter has been in some measure removed by a contrivance 
of the great practical chemist Rose ; which, however, as it is incon- 
venient and uncertain in the manipulation, I shall not here de- 
scribe. 

The apparatus which I have devised, is, I think, free from these 
objections, and enables the operator to proceed with great accuracy 
and despatch. It has the advantage of being very easily constructed, 
and of being used with a balance that can be procured at a very 
moderate price. Moreover, the quantity of marl which is necessary 
for experiment in no case exceeding ten grains, specimens for analy- 
sis may be easily forwarded by letter. 

The balance which I use with this apparatus is a small gold- 
smith’s balance—such as may be procured for a few dollars in New 
York. It is very light, and turns, when unloaded, with the ;4,th of 
agrain. My set of weights, obtained from Millington in Philadei- 
phia, extends to tenths and hundredths of the grain. 

The accompanying figure will convey a distinct idea of the ap- 
paratus and mode of using it. One of the scales is removed to 
admit of suspending the apparatus by a double thread over the hook 
of the beam. The other is made of something light, as a piece of 
card. In this way all unnecessary weight upon the beam is avoided, 
and its sensibility preserved. 





A, is a light bulb of glass, blown very thin from a common piece 
of tube, and about one inch in diameter. A cork is fitted to its 
mouth, ‘and through this the tapered ends of the bent glass tubes, B 
and ©, are passed air tight; the extremity of the latter extending 
some distance into the vessel. The tube B, through which the gas 
escapes, is filled with fragments of muriate of lime. The tube O, 
which contains the muriatic acid, is furnished with a light piston of 
cork or cotton, in the centre of which is fixed a rod or handle made 
of a smal] stiff straw. This instrument, when charged with marl 
and acid, does not weigh more than 120 grains. The whole load of 
the beam is therefore 240 grains, and it is still sensible to the ;+5th 
of a grain. 
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The mode of proceeding with the analysis is as follows. Five or 
ten grains of the finely powdered marl is introduced into the vessel 
A, and then two or three drops of water added to assist the diffusion 
of the acid. The small end of the tube C, now removed from the 
cork, is dipped into some muriatic acid in a wine glass, and the 
piston moved backwards and forwards until the necessary quantity of 
acid has been drawn in. The tube is then replaced in the cork, and 
in this state the instrument is counterpoised by weights in the op- 
_ posite scale. The piston being then gradually forced in, the acid is 
injected drop by drop, upon the marl, and the gas escapes by the 
tube B, depositing the aqueous vapor in its passage, on the muriate 
of lime. Allowing the apparatus to rest until the gas has entirely 
escaped, and the decomposition is complete, the equilibrium is re- 
stored by placing weights upon the clear top of the cork, or by 
removing weights from the scale. In this way the weight of the 
disengaged gas is accurately determined, and the proportion of car- 
bonate of lime thence computed. 

An analysis of a specimen of marl from James City, just com- 
pleted, will serve as an illustration of the method. Ten grains of 
the finely powdered marl was introduced with a little water into 
the vessel A, the instrument was then charged and equipoised. 
The acid being injected, the whole was allowed to rest for an hour. 
The weight lost was 2.91 grains. Increasing this in the ratio of 44 
to 100, gives 6.61 grains of carbonate of lime in the 10 grains of 
mar]—or almost precisely 66 per cent. 

The frequent calls upon me for the analysis of specimens of marl, 
first led me to the construction of this apparatus, and I have since 
found it so convenient and ‘accurate, that I can recommend its adop- 
tion to such of your readers as may have a taste for chemical in- 
quiries connected with agriculture. Any ordinary worker in glass 
will construct the instrument, and skill in manipulating with it may 
be soon and easily acquired. . 

Wm. B. RoaeErs. 


(From THE Farmers’ REGISTER OF May, 1835.) 


Further Observations on the Green Sand and Calcareous 

Marl of Virginia. 

In a communication published in the third number of the 
“ Register,” I announced the discovery of the greensand, or silicate 
of iron and potash, in the ordinary tertiary marl in Lower Virginia. 
Geological considerations, taken in connection with this discov- 
ery, led to the inference that an older deposit, consisting in much 
larger proportion of this peculiar substance, would be found in a 
region more remote from the seaboard, and not far below the head 
of tide; and from the great agricultural value of this substance, as 
proved by the experience of the farmers in New Jersey, 1 was in- 
duced to point out its probable position, and to give such hints and 
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directions with regard to its accompanying indications as might prove 
useful in any researches which might be undertaken by persons 
residing in the region in which it was supposed to exist. Since the 
publication of the paper referred to, as far as other engagements 
would permit, this important inquiry has been actively continued, 
not only in reference to the presumed deposit above mentioned, 
but also to the extensive calcareous formation of our lower counties. 

Besides the practical importance of this investigation to the 
agriculture of a large district of the state, in a purely geological 
aspect, it was calculated to excite the highest interest. In the vast 
region of our tide-water country, at farthest, only two members of 
the tertiary group of formations had been hitherto discovered, and 
no decided indications of a secondary deposit likely to prove inter- 
esting to men of science, bad been found. At the mouth of the 
Potomac, and at some other points, a deposit had been detected by 
Mr. Conrad of Philadelphia, which from the great predominance 
of shells of existing species, was regarded by him as belonging to 
the upper or newer tertiary. The same eminent conchologist, by 
an examination of numerous fossils from York town, Suffolk, the 
James River, near Smithfield, and other localities, had clearly proved 
that this portion of the tertiary series was of greater antiquity than 
the former, and accordingly he has recently applied to it the title of 
middle tertiary—which, as soine geologists in Europe divide the 
tertiary group into four periods, would include both the second and 
third of these subordinate formations, The lower tertiary, which 
Mr. Conrad had so successfully investigated in Alabarma, had not as 
yet been brought to light within the limits of Virginia. Thus, there- 
fore, these inquiries appeared fraught with the lively interest of 
scientific discovery, while at the same time they inspired the ani- 
mating hope that in some of their results they might eventually be 
found conducive to the interests of an important district of the State. 

From the great extent of the middle tertiary of Lower Virginia, 
it was to be expected that, notwithstanding the diligence and learn- 
ing of those who had visited several of its interesting localities with 
the view of studying its fossil contents, an extensive field of future 
discovery would be opened to the scientitic explorer—and a great 
variety of new and peculiar fossils would be brought to light. To 
a certain extent this anticipation has been realized; and the oceca- 
sional examinations which [ have made in this vicinity, and at some 
remote points, have been rewarded by an extension of the list of 
fossils, and the discovery of a number of new and interesting species. 
To the readers of the ‘‘ Register,” generally, the details of these ob- 
servations would appear unimportant, if not useless, and must there- 
fore be omitted. At the same time, I may be allowed to add, that 
such facts are frequently invested with a practical interest, by the 
aids which they furnish to other and more important discoveries ; 
and that, however little value in the abstract would attach to an 
enumeration of the shells, zo6phytes, and other remains of our marl 
banks, they are absolutely essential in studying the physica! history 
of this portion of the globe; and may prove of some assistance, not 
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only in guiding the researches of the farmer after marl, but in direct- 
ing his choice of calcareous manure, when various deposits of this 
substance are offered for his selection. Of the latter point, several 
striking illustrations might be adduced—but I shall content myself, 
for the present, with the statement of a single fact. A small shell 
of rough exterior and rather irregular form, a species of chama, is 
frequently found in very extensive beds in this vicinity and at other 
points, forming nearly the entire calcareous portion of the deposit. 
From its peculiar form and friable character, it is most generally in 
a condition to be eminently serviceable as a manure. As the strata 
both above and below are often of a very ditferent texture, though 
perhaps nearly equal to it in regard to their calcareous contents, a 
choice is at once presented to the farmer, in which he wil! be guided 
even more by the nature of the shell embedded than by the com- 
parative abundance of carbonate of lime. But so little attention has 
been paid to the character of the fossils contained in our marl banks, 
that even in places where the manure has been longest and most 
successfully in use, a less valuable stratum is sometimes selected in 
preference to one of superior fertilizing power. A more minute 
observation of such particulars can scarcely be expected in the ab- 
sence of some popular guide, in the form of delineations and descrip- 
tions of the more prominent shells, exempted as much as possible 
from technical or merely scientific phraseology. Some such illus- 
trations may hereafter be furnished in a cheap form in the progress 
of a geological examination of the eastern region of our state. 

Since the publication of my former paper, a great number of 
- additional observations have been made with regard to the green 
sand contained in our ordinary middle tertiary marl. Its uniform 
presence in this deposit, in a greater or less proportion, seems now 
to be sufficiently established. That it is generally present in suffi- 
cient quantity to enhance in any important degree the agricultural 
utility of the manure, it would be going too far to assert; but that 
in many cases the proportion is such as cannot fail of producing 
highly beneficial effects upon vegetation, would seem to be demon- 
strated, not only by the long experience of the farmers of New Jer- 
sey with the green sand itself, but by the observations of individuals 
among ourselves who have been in the habit of applying a calcare- 
ous marl in which this substance is peculiarly abundant. In the vi- 
cinity of Williamsburg, almost every variety of the common marl may 
be found ; but that which bas been observed to produce the most strik- 
ing effects as a manure, has uniformly yielded to chemical examina- 
tion a comparatively large proportion of the green sand. When there- 
fore, it is in the power of the farmer to make the selection, such marl 
should be chosen, as, along with a large proportion of calcareous mat- 
ter in a suitable state of subdivision, contains also as great an amount 
as possible of this auxiliary manure. The beds of chama already re- 
ferred to, as abounding on some estates in this vicinity, are pecul- 
iarly rich in this ingredient, and are hence, as well as from their 
friable. texture, generally selected in preference to all others. In 
some of these deposits, as large a proportion as thirty, and in some 
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specimens forty per cent, has been found; and in cases like this, if 
we are to trust the experience of New Jersey, a very marked addi- 
tion to the fertilizing power of the marl must be ascribed to the 
presence of this ingredient. 

In alluding thus to the influence of the green sand as an auxil- 
lary manure, the inquiry naturally arises, to which of its ingredi- 
ents are its meliorating effects to be ascribed, or do they arise from. 
the conjoint action of the potash and oxide of iron which it con- 
tains? To this inquiry, perhaps, it would be premature to attempt 
to respond. At all events, the rationale of its action can not be 
given with that certainty which in such matters, it is desirable to 
attain. As stated in the former communication, its components are 
protoxide of iron, potash and silex; the latter ingredient appearing 
to act, as it is known to do in many rocks, in the capacity of an 
acid. ‘In virtue of the potash contained in the green sand, we 
would naturally infer an agency in neutralizing acids similar to that 
of lime, or its carbonate and the extent to which the manure pos- 
sesses this property, must appear still further increased when we 
advert to the chemical nature of the protoxide of iron. 

Iron, like most other metallic bodies, combines with oxygen in 
more than one proportion. These compounds, or oxides as they are 
termed, are two in number, and in accordance with the general rule 
adopted by chemists in designating this class of substances, that 
which contains the least proportion of oxygen, is called the protox- 
ide, that containing the most, the peroxide. The rust of iron, and 
the red coloring of ochreous clays, and of bricks and tiles, are im- 
pure specimens of the peroxide of iron. The protoxide is never 
found in an uncombined condition; and such is the avidity with 
which it imbibes an additional quantity of oxygen, or unites with 
carbonic and other acids, that it undergoes a rapid change when- 
ever disengaged. Hence, under favorable circumstances, a strong 
neutralizing action might be anticipated from this ingredient of 
the green sand. We may therefore, for the present, rest our ex- 
planation of the agency of this manure upon the alkaline proper- 
ties of these two constituents, the potash and the protoxide of iron. 
But in suggesting this explanation, it must be freely confessed that, 
especially as relates to the action of the protoxide of iron, it must 
be looked upon as problematical, and requiring for the establishment 
of its truth, an experimental knowledge of the influence of this sub- 
stance upon the growing vegetable, of which nothing has as yet 
been positively determined. 

As already indicated, when these inquiries were entered upon, 
and at the time when my first communication appeared in the ** Regis- 
ter,” the existence of a lower tertiary deposit in Virginia had not 
been ascertained. The industry of Mr. Conrad had brought to light 
a formation of this nature in Alabama, and had led to the probable 
inference that it existed at Fort Washington in Maryland. Moreover, 
one or two of the fossils obtained from the editor of the “* Register ” 
encouraged the hope that it might be found in our own state. The 
observations of that gentleman respecting the gypseous earth of 
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James River had appeared some time before, and though nothing 
positive could be gained from them, in relation to the geological 
character of the deposit to which he affixed that name, they threw 
out the important and sagacious suggestion, that this earth was the 
same with the green sand of New Jersey, or at least a substance of 
analogous character. We shall in the sequel, learn that though 
geologically the two formations belong to periods which are dis- 
tinct, the gypseous earth contains a large proportion of that partic- 
ular ingredient, (the green silicate of iron and potash), of which the 
New Je ersey deposit almost exclusively consists. We are therefore 
indebted to the editor of the ‘‘ Register,” for the announcement of 
the important fact that the green sand, or a substance analogous to 
it, existed in certain localities on the James River. 

Following up the suggestions of geological analogy, alluded to 
in my first paper, and stimulated by the observations and statements 
of Mr. Ruffin, I have been enabled by personal inspection, and 
through the kindness of correspondents, to ascertain with cer- 
tainty, the existence of a lower tertiary deposit throughout an ex- 
tensive district of Eastern Virginia, and moreover to determine 
what is far more important to the agriculture of this region, that 
the deposit in question comprises immense strata of green sand, 
perhaps nearly equal in value to that which is in use in New 
Jersey. The reader, however, is by no means to infer from the ex- 
istence of the green sand so abundant, both in this lower tertiary 
and in the New Jersey formation, that the two deposits belong to 
the same geological era. I have already stated that the New Jersey 
green sand is a secondary deposit, and of course anterior to the 
formation here designated as lower tertiary. The shells and other 
fossils, entombed in the two deposits are strikingly different, and 
characteristic of difference of geological antiquity. As it is desir- 
able that clear ideas should be entertained, in relation to the distinc- 
tion here drawn, I would claim the indulgence of the reader in pre- 
senting such explanations and illustrations as are calculated to 
throw light upon a subject in which, at least in some particulars, all 
are obviously interested. 

The term primary having been adopted by geologists as desig- 
nating that extensive class of rocks which from various indications, 
appeared in general to have originated jirst, and which are destitute 
of all traces of animal or vegetable existence—the title of secondary 
was of course appropriated to a class, apparently of more recent 
origin, usually overlying the former, and in which, in many cases an 
enormous accumulation of organic remains had been discovered. 
A minute examination of these remains, consisting of shells, the 
bones of animals, etc., disclosed the curious fact that they belonged 
to races of beings of which at present there are only a very few 
living representatives. Subsequent observations, first systematically 
made by Cuvier and Brogniart in the vicinity of Paris, further 
demonstrated that, overlying the Secondary formation of that region, 
there existed an extensive series of deposits of great thickness, the 
fossil contents of which were, on the whole, very dissimilar from 
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those of the former—not only all the species, but many of the most 
remarkable animal and vegetable forms being distinct, while at the 
same time many of the species were observed to be identical with 
others now alive. The difference thus marked between the two series 
of deposits, uniformly prevailing wherever they were observed, led 
to the introduction of the term tertiary, to designate the upper and 
more recent. By scrutinizing in detail the tertiary series, it was 
soon discovered to consist of several distinct subordinate formations, 
characterized by peculiar fossils, and becoming more assimilated in 
their organic contents to the existing living world, in proportion as 
their position in the series approached nearer and nearer to the 
surface. The most recent systematic writer on geology, and one of 
the most learned and able geologists of the day, has distinguished 
four subordinate formations in the tertiary series—and has given to 
each a specific name expressive of its relative period of deposition. 
Though unwilling to perplex the reader with the terms of science, 
I may perhaps be excused on this occasion for introducing the 
names here referred to, on the ground that they are likely to be met 
with frequently hereafter in geological descriptions of the tertiary 
deposits of this country—and as they are distinctive of things which 
are characteristically different, and which have received no other _ 
denominations so appropriate, they have a just claim to be received. 
The terms thus employed by Mr. Lyell, the distinguished geologist 
above alluded to, are— 

1st. Pliocene, indicating a majority of the contained fossils to be 
recent, and divided into newer and older Pliocene. Under this head 
are comprised some of the shell deposits near the mouths of our 
rivers. 

2nd. Miocene, indicating a minority of the contained fossils to be 
recent. Tothis formation belong most of our calcareous strata which 
have previously been referred to under the title of middle tertiary. 

3rd. Hocene, signifying the dawn ; indicating the presence of a 
few fossils analogous to living species, or in other words a dawning of 
that condition of the animated world which now prevails. Exam- 
ples of this are furnished in the lower tertiary of Alabama, and the 
lower tertiary here alluded to as recently discovered in Virginia. 

The nature of the materials in which the fossils of these differ- 
ent deposits are embedded is very various. Sometimes the forma- 
tion is a soft sand or clay—sometimes a sandstone or limestone of 
comparative hardness. In some cases the deposition appears, from 
the nature of the fossils, to have been made beneath the ocean— 
sometimes at the bottom of an extensive lake. In the vicinity of 
Paris, there are three marine formations alternating with two of 
fresh water or lake origin; and from one of the latter, the celebrated 
gypsum or plaster of Paris is extensively quarried. In Virginia no 
traces of a fresh water tertiary have as yet been discerned. The 
general direction of the deposit is horizontal, and the whole appears 
to have been formed at successive eras beneath the waters of the 
ocean. 

From what has now been said, it will at once appear that strong 
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features of resemblance are presented in the geology even of the 
more recent formations in this country and Europe. The most 
striking similarity exists between the Secondary of New Jersey and 
that of the Paris basin—as far as fossil contents are concerned. 
But in Europe a great proportion of these fossils are embedded in 
chalk; whereas, in New Jersey, no chalk has been discovered, and . 
its place is occupied by green sand, very similar to that which, in 
the former localities, alternates with the layers of chalk. 

The lower tertiary or eocene of Virginia, is found in a band 
of variable and as yet unascertained breadth, traversing the state 
nearly in a direction from north to south. It makes its appearance 
on both sides of the Potomac, in a line a little east of Fredericks- 
burg. "It then crosses the Rappahannock near Port Royal, the 
Pamunkey probably near Piping Tree, and the James River at 
Coggin’s Point. With regard to the course farther south, though its 
existence is probable, additional data are required. 

In general character, this formation may be thus described. At 
the base of the cliff or bank, there usually exists a stratum of what 
at first sight appears to be a blue or black clay, but which, on further 
examination, is found to consist principally of particles of the sili- 
cate of iron and potash, which when dried, becomes of a lively 
green color. Mingled with this substance are portions of common 
clay and sand, and numerous minute, shining scales of mica. Em- 
bedded in the mass, and usually in a very friable condition, numer- 
ous shells chiefly of small dimensions will be found. Sometimes 
however, the matter of the shell has entirely disappeared, leaving a 
distinct cast or impression in the earth, by which its specific charac- 
ter may often be ascertained. Immediately above this stratum is a 
heavy deposit of what Mr. Ruffin has described as gypseous earth. 
Large masses of crystallized gypsum, and sometimes the most beau- 
tiful groups of perfect crystals of this substance, are disseminated 
throughout this layer. It was this portion of the formation which 
Mr. Ruffin conceived to be identical with the green sand of New 
Jersey. In color, this stratum varies from a greenish yellow toa 
brown. Besides a considerable proportion of green sand, it con- 
tains, in addition to the crystallized gypsum, a notable amount of 
this substance in a subdivided state, and seemingly occupying the 
place of the shells which were formerly present, and have been 
decomposed under the chemical agency of some substance which 
filtrated in solution through the mass. Incumbent upon this bed is 
a thin layer of very pure white clay, of a texture which would 
recommend it to various useful purposes. Overlying the clay in 
some places, is a stratum of shell marl in a very subdivided state, con- 
taining masses of casts and shells approaching to the hardness of 
rock. This is the uppermost layer of the eocene or lower tertiary 
formation. Yet at some points a stratum of the ordinary middle 
tertiary marl rests almost immediately upon the former, and would 
not by an ordinary observer be recognized as distinct. At Tarbay, 
where this succession of strata was observed, a thin and scarcely dis- 
tinct layer of small brownish red pebbles intervenes between these 
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two layers of shells, seeming to mark a comparatively violent action 
of the waters in the interval of the two deposits. But an examina- 
tion of the shells, in these two contiguous strata, affords abundant 
evidence of their belonging to distinct geological epochs. In the 
upper stratum the large scallops, the common oyster of our marl, 
and all the usual ingredients of our middle tertiary or miocene 
formation, may be recognized. In the lower bed few or none of 
them exist, but certain characteristic shells belonging to the eocene 
period are entombed. Similar fossils appear below, in the green 
sand beneath the gypseous earth; and here a great variety of beauti- 
ful specimens may be discerned. An enumeration of these fossils 
in this place would of course be attended neither with utility nor 
interest, and indeed, were it advisable in the present stage*of the 
inquiry, it could not be made, on account of the necessity of com- 
paring the specimens with shells from other localities in Europe and 
this country, in order to identify species, and to decide upon those 
which are new, or peculiar to our own formation. That many such 
exist, I have every reason to believe, and with future leisure it is 
hoped that they will be named according to the fashion of the day, 
and described in the appropriate place.* It will however be of real 
value to the reader, in any inquiries which he may institute in refer- 
ence to this formation, to obtain some general idea of the characters 
of two or three of the more conspicuous and characteristic shells. 
The observer will perhaps be able to recognize the following— 

Ist. The Cardita planicosta. This shell is of various sizes, rarely 
however equalling that of the clam. Informit bearssome resem- 
blance to that shell; but on the convex side a number of flattened 
ridges run from the knobbed extremity near the hinge, spreading 
from each other and enlarging as they approach the margin. The 
hinge part of the shell is very thick. This shell occurs abundantly 
in the eocene or lower tertiary of Europe, and also in that of Ala- 
bama. 

2nd. Ostrea selleformis, or saddle-shaped oyster. This shell is 
very peculiar, having, when full-grown, such a lateral extension on 
each side as to present, when the hollow of the shell is turned down, 
a very distinct resemblance to a saddle with its two depending flaps. 
It is found abundantly in the eocene of Alabama. 

3rd. Lusus longevis, a small shell less than an inch in length, and | 
resembling in general form those which are commonly called conchs. 
It is however flattened down on one side as if it had been subjected 
to pressure. This shell occurs abundantly in the eocene of Europe, 
but I believe has not until now been discovered in the correspond- 
ing formation of this country. 

These three fossils, which are all found in great numbers in such 
of the eocene localities in Virginia as I have examined, are suffi- 
cient to identify the formation wherever they may be discovered. 
But as already indicated, they are accompanied by a variety of 

* These shells were described by W. B. Rogers and H. D. Rogers in a 


series of contributions to the American Philosophical Society, 1835, 1837 and 
1839. 
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other shells, a large proportion of which would appear to be pecul- 
iar to this particular region. It would seem that the eocene of 
Virginia though agreeing with that of Alabama, contains some 
fossils found also in the Paris eocene, and which are absent from 
that of Alabama. 

In most of the specimens of marl from this region hitherto 
examined, besides a large amount of green sand, I have found a 
considerable proportion of gypsum, and in sume of them as much 
as forty or fifty per cent of carbonate of lime. Specimens received 
from Dr. Corbin Braxton, at the Piping Tree, were found to con- 
tain, along with much green sand, a great amount of carbonate of 
lime, and some gypsum. Judging from its composition and texture, 
it must be looked upon as a very valuable manure. At Coggin’s 
Point, the lower stratum before described, contains from sixty to 
seventy per cent of the green sand, with a small proportion of car- 
bonate of lime, and occasionally a little gypsum. The next deposit 
above, (the gypseous earth), abounds in gypsum, but contains less 
green sand than the former. Of this ingredient, however, it still 
possesses a very considerable proportion. In alluding to the pow- 
erful effects of the gypseous earth, in a trial which he made, the 
author of the ‘‘ Essay on Calcareous Manures”’ describes them as 
much greater than could be accounted for by the proportion of 
gypsum present, and hence throws out the suggestion that some 
other fertilizing ingredient was contained in the earth. This addi- 
tional effect must doubtless be ascribed to the presence of the green 
sand. 

In prosecuting the Geological Survey of Maryland, Professor 
Ducatel has been enabled to ascertain the existence of a green sand 
deposit throughout an important district of that state. Of its 
existence on both sides of the Potomac I was already fully aware— 
and it affords me much satisfaction to find that the suggestions, 
based upon general geological considerations, which were presented 
in my former paper, have already been so actively and ably followed 
up by this enlightened and diligent observer. Of the identity of 
some of the green sand deposits described in his report, with that 
now ascertained to exist in the eocene of Virginia, I am as yet by 
no means convinced; but a minute geological examination, such as 
that already instituted in Maryland, and that which is looked to 
with some interest in Virginia, cannot fail to throw very useful 
light on this, as well as all the other important deposits in the tide- 
water region of the two states. Mutual benefit would arise from 
the co-operation of surveys, conducted at the same time in the two 
adjoining territories, and in this way the interests of the states, as 
well as those of science, would be most effectually and speedily 
promoted. 

To the very meagre details, in relation to the green sand, pre- 
sented in this communication, I may hope ere long to be enabled 
to add the results of extensive and minute personal observation in 
the interesting region in which the eocene formation has been de- 
tected. In the mean time, the progress of inquiry may be greatly 
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furthered by the friendly aid of those who, from their residence in 
the region in question, will have it in their power readily to collect 
specimens of shells or earth, and to transmit them to me for in- 
spection. I would therefore, earnestly solicit assistance of this 
kind, and in return, I will gladly communicate the results of any 
observations I may thus be enabled to make. To urge the im- 
portance of this and other similar inquiries would now no longer 
seem to be necessary—since a large portion of the intelligence and 
enterprise of our state appears prompt to recognize their value, 
and interested in furthering their active and successful prosecution. 
- Wn. B. Rogers. 
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REPORT. 


GENTLEMEN : I beg leave to present the following report of the 
geological reconnoissance of the State of Virginia, authorized by an 
act of the legislature, bearing date March 6th, 1835, with the execu- 
tion of which I have had the honor to be entrusted.* 

In the prosecution of this duty, while my attention has not been 
withheld from such observations of a minute and detailed descrip- 
tion as opportunities occasionally threw in my way, it has been 
chiefly directed to the legitimate objects of such a reconnoissance ; 
namely, the general geological and mineralogical features of all the 
important divisions of our territory, with a view to exhibit the 
benefits to be derived from a detailed survey, and the mode of con- 
ducting it best adapted to develop the structure and resources of 
the state. Although, in the course of these enquiries, many new 
observations have been made calculated to prove extensively advan- 
tageous, numerous matured discoveries were not to be anticipated, 
considering either the design of the reconnoissance or the very 
general nature of the investigations which are appropriate to an 
examination strictly preliminary in its character. Enquiries of a 
more minute description, extended to all the divisions of the state, 
would obviously have been impossible, and until some scheme of 
- systematic investigation in detail is put in operation, comparatively 
of little value. With such views, it is thought that the objects of 
the reconnoissance are accornplished, in exhibiting the prominent 
geological features of the great divisions of the state, the more im- 
portant natural resources dependent upon their mineral structure, 
and in pointing out in relation to each the various desiderata to 
- which future enquiry may be beneficially directed. 


* See Appendix. 
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MopDE OF CONDUCTING THE RECONNOISSANOE. 


With the view of exhibiting clearly the geological structure and 
relative extent of the various formations in the state as far as ascer- 
tained during this reconnoissance, it was important to construct 
what is termed a geological section or profile, from actual observa- 
tions made, from point to point, in one or more lines transverse to 
the general ranges of the strata; thus combining in one view, all 
the most important mineral formations of the state, together with 
their prevailing order of succession, and their relative inclinations, or 
the angle in which each inclines to the horizon. The general line 
of observation selected for this purpose, extends from Hampton 
Roads to the mouth of the Guyandotte. A belt of country of vari- 

sable breadth, spreading to some distance on either side of this line, 

was the more immediate subject of investigation, and furnished the 
materials from which the geological section appended to the present 
report was constructed. 

In prosecuting the examinations necessary for this purpose, no 
one line of observation was rigorously adhered to, but numerous 
local profiles were first formed, and thence, by a reference of them 

_all to the general line already specified, the entire profile was formed 
which is now presented. Itis, therefore, tendered at this time only 
as an approximate delineation of a transverse geological section of 
the state, and as such, though sufficiently accurate for the purposes 
of occasional reference in the present report, lays no claim to the 
minute precision of geological profiles constructed from the accurate 
data of a detailed survey. Several minor belts, also transverse to 
the general ranges of strata, and remote from the former, were like- 
wise examined, and particular profiles constructed from the data 
thus obtained. One of these extends in a general direction from the 
White Sulphur Springs, by Covington and Lexington, to Bucking- 
ham Court-House; a second from Columbia, by Charlottesville, 
Turk’s and Rhodes’ Gap, and Harrisonburg to the North mountain; 
and a third embraces a portion of the Potomac. In addition to 
these transverse lines of observation, several routes have been ex- 
plored more nearly conforming to the bearing or direction of the 
strata. One of these extends in a general direction from Halifax, 
on the Roanoke, to the lower falls of the Potomac, and is nearly 
coincident with the western boundary of the tide water or tertiary 
section of the state. Another embraces a general view in the longi- 
tudinal direction of the Valley of Virginia, from the Potomac to the 
James River, etc. Besides these, many other lines of obseryation 
were examined, some of them embracing a distance of fifty or sixty 
miles on either side of the general route. Keeping in view the im- 
portant practical enquiries appertaining to the reconnoissance, as 
much local information of a useful nature has been obtained on each 
excursion as was consistent with the time which could be devoted 
to investigations of a special character. The general nature of the 
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observations contemplated in the reconnoissance, and the necessity 
of rapid movements when so great a breadth of formations was to 
be traversed, rendered much delay in minute local observations in- 
expedient, on which account many points of great practical interest 
will be excluded from the report, which might otherwise have been 
introduced. These would be among the proper subjects of enquiry 
in a detailed survey. 

In regard to the tide water section of the state, it is proper to 
remark, that through some previous attention to its geology, I am 
enabled to present a somewhat minute account of its important fea- 
tures, as observed in several large and interesting districts which I 
have explored, among which I would specify the peninsula bounded 
by the York and James rivers, and many of the counties on either 
side. More recently and in connection with the reconnoissance, I 
have examined the country on both sides of the Pamunkey, from 
the junction of the North and South Anna to its mouth, and have 
extended my enquiries with some success into similar formations 
south and north, as far as the James river and the Potomac. The 
discovery of a material likely to prove valuable to the agriculture of 
that section of the state may, without impropriety, be referred to 
as an illustration of the utility to be expected from minute geological 
enquiries directed to every portion of our territory. 

But in addition to the duty of exploration performed according 
to the plan which I have now described, I have devoted some time 
to the chemical analysis of rocks, ores, earths, marls, and mineral 
waters. In relation to this department of my duties, however, it 
is easy to perceive that the tedious nature of such investigations 
would preclude the completion of many accurate analyses within the 
period allotted to the reconnoissance ; but a variety of useful chemi- 
cal results have been obtained, which, as far as compatible with the 
scope and objects of this report, will be detailed in the following 
pages. 

GENERAL GEOLOGICAL DIVISION OF THE STATE. 


For the sake of exhibiting under one view cach group of analo- 
gous formations, the whole territory of the state may be conven- 
iently divided into five principal regions. These we will treat of 
in a geographical rather than geological order; first defining the 
limits of each respectively, with as much precision as in the imper- 
fect state of knowledge on the subject can be attained, and then in 
general terms describing the geological features by which they are, 
to a certain extent, severally distinguished : 

1. The first of these, which may be called the Jertiary marl re- 
gion, embraces nearly all that portion of the state included between 
its eastern boundary, the Chesapeake bay, and the Atlantic, and a 
hypothetical line intersecting the principal rivers at their lowest 
falls. Various beds of clay and sand, nearly horizontal in position, 
abounding in fossil shells and the remains of large marine animals, 
form the pyeresicristic strata of this division of the state; while 
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occasional bands of iron ore and beds of green sand and a small 
portion of gypsum, occurring in connection with one of the fossil- 
iferous deposits of the region, are among its other materials of 
value. 

9. The second division is comprised between the hypothetical 
line above mentioned and the western flank of the Blue Ridge, in- 
cluding under this title the range very improperly denominated the 
Alleghany mountain, in Franklin and Patrick counties. According 
to the delineation of Mr. McClure, by whom the first attempt was 
made at marking out the great geological divisions of North Amer- 
ica, the rocks of the Blue Ridge and a narrow adjacent belt of terri- 
tory should be regarded as belonging to the primary system of geolo- 
gists; while a large portion of the area between this and the belt 
of unequivocally primary character, which ranges along the lower 
falls of our rivers on the east, is to be looked upon as the equivalent 
of the Old Red Sandstone rocks of Europe. Others, who have at- 
tempted to sketch the outlines of our principal geological forma- 
tions, have, with even less approach to accuracy, confounded all 
these strata under the sweeping denomination of primary, and have 
thus given to the-diversified and extensive region whose limits are 
above described the distinctive appellation of the primary region of 
Virginia. Such a view appears to have been adopted by the authors 
of the map of our state, the brief geological sketch appended to 
which describes the Blue Ridge as the western boundary of the 
primary. A more recent writer also, professing to derive his views 
from an actual examination of the structure of this mountain, has 
contributed to confirm the prevailing error by proposing as an ap- 
propriate name for the Blue Ridge the title of the Atlantic primary 
chain. 

It is deeply to be regretted that while so little has been done 
toward a minute exploration of the diversified and complex forma- 
tions of the region now in question, the writers who have attempted 
to describe it, and more especially those who have professed to give 
a scientific exposition of its character, should have observed so 
little caution in the application of names, and have indulged so much 
of the spirit of superficial and precipitate generalization. There is 
no division of the state which presents greater difficulties to the geo- 
logical enquirer than the region here referred to, and none which 
will require for its elucidation more minute and patient investiga- 
tion. The observations respecting some parts of it, which will be 
presented in the body of the report, imperfect as they necessarily 
have been, were directed in part to the determination of some of 
the difficult problems which this portion of our geology presents, 
and although insufficient to remove the difficulties in which this 
subject is involved, will, it is believed, lead to several interesting 
and important views of a scientific as well as practical nature, 
while they overthrow the errors which, either through ignorance 
or inadequate investigation, have hitherto existed. So far from 
regarding the whole area in question as of a primary character 


27 


these observations conclusively demonstrate that the extent of the 
rocks, to which that title may be unequivocally applied, bears but 


_a small proportion to the whole surface of this division of the state— 


and while they render it doubtful whether in the Blue Ridge any 
truly primary rocks occur, they evince the existence in that range, 
as well as throughout a very extensive district to the east, of sand- 
stones, conglomerates, and other sedimentary deposits, unquestion- 
ably referable to a different period of formation. 

The gold region, so remarkable for its extent and richness, 
and the bituminous coal fields of Chesterfield, Goochland, Pow- 
hatan, and Prince Edward, constitute important divisions of this 
region of the state; while the slates and soapstones, iron ores, lime- 
stones, and other minerals which it includes, are objects of practical 
as well as scientific interest. To all of these a proper place will be 
allotted in the body of the report. 

3. Our third general division, commencing near the western 
flank of the Blue Ridge, comprises all the region generally called 
The Valley, extending westward in the counties of Berkeley, Fred- 
erick, Shenandoah, and Rockingham, to the base of the several 
ranges called the Little North mountain, in Augusta and Rock- 
bridge, nearly to the base of the North mountain, and in the coun- 
ties farther south, occupying an area which, for the present, does 
not admit of being accurately defined. Limestone strata of vast ex- 
tent, hydraulic lime, marble, travertine or deposit marl, slate, iron 
ore, and in the south lead ore, are among the valuable materials 
included in this section of the state. Declining to apply the title 
of Transition to the strata of which this region is composed, be- 
cause much additional observation is required for the determination 
of their true geological relations, we must for the present be content 
with referring them to the oldest of that group of rocks in which 
organic remains or fossils have been discovered. 

4. The fourth general division to which we shal! refer is, at pres- 
est, even less susceptible than the preceding of being defined by 
lines of precise limitation. Nearly the whole of its surface is occu- 
pied by chains of mountains, and extremely little has hitherto been 
done towards exploring its geology. In general, it may be described 
as comprised between the western limits of the great Valley forma- 
tion and the front ridge of the Alleghany, the Greenbrier, and Muddy 
Creek mountains; but with regard to its extent and boundaries far- 
ther south, nothing definite can be affirmed until it shall have been 
carefully and systematically explored. Besides the interest in a sci- 
entific point of view which attaches to this region on account of the 
peculiar structure of its mountains, the stupendous natural sections 
which it exposes, and the astonishing abundance and variety of the 
fossil impressions found among its rocks, it claims a high importance 
from the great value of its materials, economically considered. Its 
anthracite, pseudo-anthracite, or semi-bituminous and bituminous 
coals, its limestones, sandstones and grits, and iron ores, and its 
numerous thermal, chalybeate, and sulphuretted springs, constitute 
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collectively an amount of mineral treasures of which few other 
territories of the same extent are as largely possessed. Without, 
at present, venturing to apply any precise geological designation 
to this singularly interesting region, it will be shown to have 
marked peculiarities which distinguish it from the division pre- 
viously described. 

5. Our fifth and last division, stretching from the eastern limits 
of the former to the western and southwestern boundaries of the 
state, presents an area of vast extent, and embraces regions abound- 
ing in materials of the highest economical utility. 

This immense territory, characterized by nearly horizontal strata, 
gently dipping toward the west, refers itself unequivocally to the 
group of secondary rocks—and from the numerous and rich beds of 
bituminous coal which it includes, may with strict propriety be 
denominated the great secondary bituminous coal region of Virginia. 
Besides its numerous and widely stretching strata of the above men- 
tioned material, this favoured region possesses the additional treasure 
of a saline formation of immense extent, toward its western bound- 
ary—and if the limits of the region are not improperly assigned, a 
similar formation, accompanied with gypsum and other valuable 
minerals, in the southwest corner of the state. 

Pursuing the order in which the several divisions of the State 
have now been sketched, the Tertiary marl rezzon will first claim 
our attention. 





TertTiARY Marit Region. 


The extensive area embraced in this division of the state, 
though presenting comparatively little diversity in external aspect, 
includes strata which by their fossil contents unequivocally refer 
themselves to two distinct geological periods, though they are all, 
without doubt, comprised in the general class of tertiary formations. 
Adopting the names which have been recently applied in Europe to 
parts of the tertiary series, to which the strata referred to may be 
regarded as probably equivalent, though without implying any con- 
viction on our part that such equivalence is in general to be ex- 
pected in the two continents, we shall indicate by the term Miocene 
the strata which occur in the eastern and greater portion of this 
region, and from which the ordinary shell marl is procured; while 
we will apply the name Zocene to the deposit of an older date, exist- 
ing beneath and west of the preceding, containing fossils of a dif- 
ferent character, and characterized by the prevalence, in consider- 
able proportion, of the peculiar mineral called green sand. 

The first of these, or the Miocene marl district, comprehends all 
the area from the sea board or water boundary of the state on the 
east, to a line conceived to be drawn through Northbury on the 
Pamunkey, and Coggin’s Point on the James river, in a direction 
nearly meridional; but through what precise points, further obser- 
vations are necessary to determine. 

The other, or Kocene marl district, is comprehended between the 
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imaginary line above described and another line passing from the 
mouth of Acquia creek, through Wales, at the junction of North 
and South Anna rivers, ‘and thence through City Point, and farther 
south in a direction not yet precisely ascertained. Much of the 
district here defined exhibits Miocene as well as Eocene marl, the 
former being found either in highlands remote from the rivers, or 
in the superior parts of the river cliffs overlying the latter. The 
localities above named were selected as points marking the eastern 
boundary of this region, because at those places the Eocene marl 
was observed to disappear below the water line by a gentle dip to 
the east. Its existence extensively beneath the Miocene district 
may be looked upon as highly probable, though under what circum- 
stances as to depth and inclination of the beds we have no positive 
data to determine. 


Mioorne Mart District. 


In the most eastern portion of this division of the tertiary, the 
general level of the surface is but little elevated above tide. The 
country is a uniform flat, in some places subject to be occasionally 
overflowed. The rest of the region in question has an elevation 
above tide varying from twenty to eighty feet. But few points, 
however, in the district have a level corresponding to either of these 
extremes, and by far the larger portion of the surface preserves a 
height of from forty to fifty feet. 

The surface of this more elevated portion, though preserving a 
general level of remarkable uniformity, is deeply channelled by in- 
numerable ravines. The smaller of these connect themselves with 
large ones, and these with the wider and deeper excavations forming 
the beds of the creeks flowing into the neighboring rivers. The 
system of ravines connected with one river is separated by a nar- 
row central tract from that connected with the next, and in a 
general view of the district, these systems present the appearance 
of mere creeks or inlets subordinate to the great rivers by which this 
region is broken into peninsulas. The number and extent of the 
large rivers and the navigable streams of this portion of the state 
constitute the most inestimable of its natural advantages. The 
numerous creeks indenting its peninsulas furnish the cheapest and 
readiest avenues for a cominerce which comes home to the abodes 
even of its rural inhabitants; while its surface, scooped into ravines, 
and its river cliffs washed by the tides, disclose the rich mate- 
rials which are hereafter to bestow the highest rewards upon its 
enterprise, by spreading fertility and wealth to its remotest bound- 
aries. 

The superficial stratum of the region we are describing is an 
argillaceous and ferruginous sand, of a yellow and sometimes of a - 
reddish color, in which are occasionally found, at or near the sur- 
face, pebbles and small boulders of sandstone, rarely as much as 
six inches in diameter. The nature of these boulders would indi- 
cate that they were most probably derived from the sandstone for- 
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mation which ranges along the eastern boundary of the primary 
ridge. In some places this stratum consists of little else than a 
white silicious sand; in others, the admixture of ochreous clay is so 
considerable as to furnish a suitable material for the manufacture 
of bricks. 

Beneath this superficial layer, beds of a very argillaceous clay 
occasionally occur, sometimes of considerable depth and extent, and 
of a texture to be useful in puddling. Its color is various, being in 
some places of a dark blue or green, in others of a bright red or 
dingy yellow. Wherever found, its upper boundary is remarkably 
even and horizontal; but where it rests upon beds of fossil shells, 
its lower limit conforms to all the irregularities of surface which 
those beds usually present. Its appearance, in some places, is that of 
a steep, almost perpendicular wall of smooth surface, and divided 
by very narrow lines running horizontally. These narrow lines, at 
a distance of from five inches to a foot asunder, are formed by a 
more ferruginous and silicious clay. At Bellefield, on the York 
river, seven miles from Williamsburg, this deposit may be seen 
overlying the stratum containing shells, in some places having a 
thickness of from twelve to fifteen feet, and then gradually fining 
out and passing into a light colored and coarser mass. The upper 
surface is horizontal, and the lines of division above alluded to are 
perfectly parallel and regular. The lower surface of the clay con- 
forms to that of the shell stratum upon which it rests. In many 
places these argillaceous beds consist of a yellowish clay, beautifully 
variegated by streaks of blue and red. In some places there exists 
a slight impregnation of alum and copperas in these beds of clay. 
This is particularly the case in some localities on the Rappahannock 

‘and the York and Chickahominy rivers. The proportion of these 
ingredients is however not sufficiently great to entitle these strata 
to attention in an economical point of view, although it is fully suf- 
ficient to impart a very ungrateful flavor, and perhaps some useful 
medicinal properties, to the springs and wells of the neighborhood. 

A thin stratum of red ferruginous stone, containing a large pro- 
portion of oxide of iron, is found in this region, running horizon- 
tally below, and sometimes in the beds of clay before described, and 
generally separated by only a few feet from the underlying masses 
of shells. This stratum, which is very generally present, varies in 
thickness from an inch to a foot. Its texture is sometimes cellular, 
sometimes compact and fibrous, like that of certain varieties of 
hematite. In the more eastern portions of the Miocene district, the 
peculiar-structure of which will be hereafter described, much ore of 
this description lies loosely scattered on the surface; while in the 
more elevated parts of the country its invariable position is such as 
above described. The character of the ore in many localities is 
such as to promise great facility in reducing it to the metallic state, 
together with a large percentage of resulting metal. A specimen 
obtained from above the marl on the cliff at Mount Pleasant, pe 
county, yielded by analysis in the 100 grains: 
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With a sufficient supply of ore like this, accompanied with the 
advantage of a shell limestone, sometimes beautifully crystalline, 
in its immediate vicinity, the manufacture of iron would promise a 
high degree of productiveness, and it is by no means improbable 
that in some parts of this region the supply of the ore may be 
found sufficient to make such an enterprise not only safe but profit- 
able. The subject is at all events worthy of some attention. In- 
deed it appears not a little surprising that this rich mineral seems 
hitherto to have escaped observation, or at least to have been re- 
garded as undeserving of an especial notice. 

In some places, as for example in Essex county, chiefly upon 
the ridge land, beds of a ferruginous sandstone are found of suf- 
ficient extent to be used asa building material. This rock is not 
to be confounded with the sandstones which occur some distance 
to the west of this, on the borders of the primary region, but 
it is to be looked upon as in the case of a very similar material 
recently made the subject of minute inquiry by my brother in 
New Jersey, as a remnant or outlying portion of a once some- 
what extensive deposit of ferruginous gravel and conglomerate, 
which by subsequent denuding action has been almost entirely 
removed. 

The matter which in most cases rests immediately upon the 
shells, is a yellowish brown sand, frequently containing a large pro- 
portion of clay. Throughout this mass, and often extending to the 
distance of five or six feet from the shells, particles of green sand, 
or the silicate of iron and potash, are more or less abundantly dis- 
seminated; and in the immediate vicinity of the shells these parti- 
cles are generally condensed into narrow stripes conforming in flex- 
ure to the irregularities of the bed beneath. Even where a deep 
hole exists in the layer of shells, the stripes of green sand are seen 
still following the depression and rise of the surface, and presery- 
ing a uniform distance from it. Sometimes these thin layers are so 
much indurated as to have almost the appearance of stone. In none 
of the strata above described have fossils of any description ever 
been discovered. 

The materials with which the shells are intermixed, or in which 
they are embedded, have various characters. In some cases they 
consist principally of a nearly white sand; in others the argillaceous 
matter greatly predominates, and the mass is a somewhat tenacious 
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clay. Frequently much oxide of iron is mingled with the earthy 
matter, giving it more or less of a yellow or brown appearance, and 
this is the aspect which the upper beds containing shells most usu- 
ally present. Very generally the lowest visible fossiliferous stratum 
is composed of a green silicious sand, and a bluish clay, which being 
always very moist, is soft and tenacious, and presents a dark blue 
or black color. At the base of the cliffs on the James and York 
rivers, this stratum may be traced continuously for considerable 
distances, rarely rising more than two or three feet above the level 
of the water, and presenting an even horizontal outline. In the 
deep ravines, and low down in the banks of shells, generally, 
throughout this region, a similar dark bluish green argillaceous sand 
is observed, enclosing frequently a great number and variety of 
shells. This constitutes what is usually denominated blue marl, 
which, from the soft condition of the shelly matter it contains, as 
well as the predominance of clay in its composition, is found pecul- 
iarly beneficial when applied to the more arenaceous varieties of 
the soil. Many highly valuable marls, extensively in use, are of 
this description. 

The very general existence of the lower stratum, above described, 
forms an interesting and prominent feature in the geology of the 
Miocene Tertiary districts, as well of Eastern Virginia as of Mary- 
land. Throughout all the upper fossiliferous strata, as well as in 
the argillaceous beds just mentioned, will be found disseminated, 
greenish black grains of silicate of iron and potash, identical with 
those already described as existing in the stratum immediately over- 
lying the shells, and having the same form and composition with 
the granules contained very abundantly in an older formation, both 
in this country and in Europe. In some beds of the mar! or shells, 
these particles so abound as to give a very decided color to the 
whole mass. In specimens from James City and York counties, 
as much as thirty-five per cent of the green sand has been found, 
and occasionally shells are seen filled with this substance almost 
alone. — 

The surface of the strata containing shells is usually irregular. 
Sometimes it rises abruptly in the form of a hillock, then it is 
scooped out into depressions of a few feet in depth. These irregu- 
‘larities, however, are apparently of two kinds: the one the original 
form of the deposit, the other produced by denuding action upon 
the surface. Thus in many places the same stratum may be re- 
marked rising with more or less abruptness, then again descending 
and perhaps preserving a nearly horizontal line for some distance, 
marked at its upper surface by a clear and unbroken outline, and 
presenting no indication of violent abrasion from above. In other 
places, and this is a very frequent occurrence, deep and irregular 
furrows and cavities are seen, such as would naturally arise from 
the action of the currents and eddies of a large mass of water in 
rapid movement. Whether from this cause, or from the gradual 
dissolving action of percolating water, sinks exist in this region in 
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many places, though they are by no means as numerous or exten- 
sive as in the limestone districts. 

Having thus given an account of the nature and arrangement of 
the strata overlying the shells, as well as those in which they are 
embedded, we will now describe the general condition and dispo- 
sition in which the shells occur. 


CoNDITION OF THE SHELLS IN THE TERTIARY DEPposits. 


In general, the state of the shells and their arrangement in the 
earth are such as to indicate their tranquil deposition at the spot 
where they are found. Thus the corresponding valves are very 
often found together and closely shut. Many of the smaller shells, 
such as Arca centenaria, Arca incile, Nuculw, Venericardia alti- 
costa, and Chama congregata, which are most usually found thus, 
_ are often entirely empty, or contain a small quantity of clay that is 
quite impalpable, indicating plainly that they have been exposed to 
no violence, and that only such solid matter as could pass between 
the edges of the closed valves had obtained access to the interior. 
Whenever such shells, however, have been previously drilled, as is 
very frequently tlie case, even with the largest and thickest shells, 
the interior is found entirely filled with sand, clay, green sand, and 
small fragments of shell. In most cases the larger species of shells, 
even when their valves appear to be in accurate juxtaposition, are 
thus filled, and in this case it cannot be supposed that the contained 
matter has entered through the holes thus drilled, since in many 
instances shells of considerable magnitude are found imprisoned 
within. Such shells, no doubt, after the death of the animal, 
remained open, or at least partially so, and received the sand, clay, 
and other materials which they contain, by the gentle action of the 
waves. The ligament at the hinge in the mean time would decay, 
until at length, yielding to the pressure of the accumulating matter 
‘above, the shell, in favorable circumstances would collapse into its 
natural closed condition. 

The very common occurrence of the valves in juxtaposition, is 
a striking proof that during or subsequent to their deposition they 
have not been exposed to violent agencies. This becomes even more 
remarkable in the case of such shells as the Panopea reflera, which 
almost in every instance is found with the valves properly united. 
The connection between the two valves in this shell is the slightest 
imaginable, after the destruction of the natural organic bond, and 
an inconsiderable force would have sufficed to separate and break 
the valves. 

The admirable preservation of the shells in many cases is also an 
interesting fact, and affords another evidence of the absence of all 
violent agencies at this period. The most fragile species of Natica, 
delicate Tellinw, Mactra tellinoides, the shell and processes of the 
Crepidula, the minute and sharp angles of the Fusus tetricus, the 
thin and hollow Fissurella—are found in perfect preservation in 
many places. The state of the shells seems to depend chiefly upon 
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the mechanical texture and chemical character of the materials in 
which they are mixed, and of which the overlying stratum is com- 
posed. In the moist blue clay the shells are generally found in a 
very soft condition. In a highly ferruginous clayey bed they are 
found either partially or entirely dissolved, and beautiful casts re- 
main in their stead. 

In many places entire banks occur, composed of casts of Chama 
and other shells, sometimes separate, sometimes cemented together 
so as to form a species of rock. These appearances occur chiefly 
near the surface, and when the soil is porous and ferruginous. The 
casts thus formed often consist chiefly of carbonate of lime, and 
in many specimens as much as eighty per cent of this substance is 
found. Casts of this kind belong mostly to the smaller shells, and 
by far the most common are of the Chama congregata. These, as 
already stated, are often found nearly or quite empty, and we may, 
therefore, conceive, that as the matter of the shell in an extensive 
bank of Chamas is gradually dissolved, the water, charged with 
carbonate of lime, enters the cavities, and slowly deposits the car- 
bonate, mixed with fine particles of clay and sand. Thus, by de- 
grees, the cavities are filled. In the mean time the shell disap- 
pears, frequently leaving on the surface of the cast a chalky cov- 
ering, like the decomposed inner film of shelly matter. In support 
of this explanation it may be added, that in many casts beautiful 
crystals of carbonate of lime are found, forming a portion of the 
cast, and having the appearance of Dog-tooth Spar. In some cases 
the shelly matter appears to have been dissolved, and its place sup- 
plied by the crystallized carbonate, incrusting the earth formerly 
contained within the shell. Sometimes, too, a thin film of oxide 
of iron surrounds the cast, showing very distinctly all the markings 
of the inner surface of the shell. In many localities, presenting a 
series of beds differing in composition, the shells will be found per- 
fect in some of them, while in others, immediately above or below, 
only casts remain. Thus at the College Mill, about one mile from: 
Williamsburg, the upper fossiliferous layer is a yellow silicious sand, 

containing perfect shells. Below this is a brown ferruginous clay, 

filled with the most beautiful casts of Chama, Pectunculus, Tur- 
ritella, etc. The shelly matter has entirely disappeared, and the 
casts lie loosely in the cavities produced by the removal of the 
shells, entirely distinct from each other, and covered by a film of 
oxide of iron. The layer beneath, consisting of bluish green sili- 
cious clay, is full of well-preserved Peetens, Pernas, and a variety of 
other shells. 

In general, the various species of shells are found associated in 
colonies or groups, but as in the case of banks of recent shells, these 
colonies contain many scattered specimens, differing from the general 
contents of the group. The two species of Chama, the C. congregata 
and (. corticosa, which are found in almost every deposit of shells 
in this region, in many cases form extensive beds, with a very small 
admixture of other genera. The best agricultural marl, of a purely 
calcareous nature, which is used in Lower Virginia, is derived from 
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these beds of Chama, the friable texture of the shell upon exposure 
to the air rendering this species of marl more easy of application 
to land, and more prompt in its ameliorating effects. Crassate/le 
often form an extensive deposit, and the large Pectens occur in con- 
tinuous layers of considerable depth and extent. The different 
species of Arca, Artemis, Crepidula, etc., present a similar arrange- 
ment. Even those shells which are of comparatively rare occur- 
rence are usually found in little groups. Thus, the /socardia fraterna 
is found to the extent of adozen or twenty, closely packed together. 
This gregarious assemblage of shells of the same species is what 
would naturally be anticipated in the absence of violent agencies 
during or after their deposition, and furnishes another very striking 
proof of the comparatively tranquil condition of the sea or estuary 
in which they were allowed to accumulate. 


DIspPosITION OF THE FOssILs. 


In nearly all the vertical sections of the deposit we are now 
describing, a series of beds or strata may be observed, each dis- 
tinguished by the predominance of one or more species, and the 
order of superposition of these beds frequently continues without 
interruption for some distance. It does not appear, however, that 
in localities remote from each other, the arrangement of the shells 
is always alike, although in many instances there appears to be a 
striking correspondence. In a majority of cases in the neighbor- 
hood of Williamsburg, the upper layer is composed principally of 
Chama congregata, In many localities also, the large Pectens, 
mingled with Ostrea Virginica, occupy the highest place. But 
generally, the same shell reappears as a predominant constituent 
of one or more of the subjacent beds; and such is the diversity of 
arrangement, even in places but a few miles distant, that it is 
obvious that no general order of succession exists. Thus, in a 
range of three miles we find Perna mazillata in some localities in 
the lowest stratum of dark blue argillaceous sand; in others, form- 
ing an upper, or even the highest layer of the series. At Waller’s 
Mill, three miles from Williamsburg, this fossil overlies the other 
shells, whereas at the College Mill, as already stated, it forms a 
part of the lowest visible stratum. 

With the view of conveying more precise ideas of the disposition 
of the fossils in this region, we annex the following details in rela- 
tion to some of the more important localities which have been 
minutely examined. 

King’s Mill, one of the most interesting fossil localities in the 
neighborhood of Williamsburg, is situated on the north bank of 
James river, about twenty-five miles from its mouth. The cliff in 
which the shells appear is abrupt, and has a height varying from 
twenty to forty-five feet above the water. The strata of shells ex- 
tend along the river with slight interruptions, when the cliff sinks 
nearly to the level of the water, for a distance of between two and 
three miles, and they are found in a somewhat similar order of 
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superposition for some distance inland. Their general direction 
is horizontal, but the outline of any one stratum is frequently very 
irregular, the surface rising and falling with a steep inclination. 
This irregular outline is particularly remarkable with the beds of 
Chama, which are very thick at some points, and then fine out 
rapidly and again expand. 

This deposit of shelis is covered to the depth of from four to 
six feet by a brownish yellow sand, intermixed with stripes of clay. 
- Beneath this is a thin layer of about one foot of very argillaceous 
and ferruginous clay of a red color. This rests upon a few inches 
thickness of gravel, consisting of water-worn quartz, rarely larger 
than a pea. Beneath this is a layer, from one to two feet thick, 
consisting of yellow sand, containing a great deal of the green or 
chloritic sand, arranged in narrow stripes. Next follows a layer of 
the same sand, containing principally Chama and Venus deformis. 
This is from two to three feet in thickness. Immediately below is 
a stratum consisting almost exclusively of Chama, with a few Arca 
centenaria, etc. This stratum, varying from three to four feet in 
thickness, is a mass of compacted shells, with but little earthy mat- 
ter intervening. ‘The earthy matter contains a very large proportion 
of the chloritic sand. The next stratuin is composed chiefly of large 
Pectens, and has a thickness of from one to two feet. Below this 
js another dense stratum of Chama, together with Arca centenaria, 
Panopea reflexa, etc., and also very rich in the green sand—thick- 
ness, from four to six feet. Then follows a second layer, containing 
Pectens with Ostrea compressirostra, one foot in thickness. A third 
stratum, in which Chama predominates, follows next, in thickness 
from two to three feet, and at the base of the cliff is a layer con- 
taining Pectens, Ostrea compressirostia, etc., from four to five feet 
in thickness. : 

Thus through a height of more than twenty-five feet in some 
places, the cliff consists principally of shells, of which there are a 
great many species, besides those mentioned as predominating in the 
several beds. On the extensive contiguous estates of King’s Mill 
and Littletown, these shells are largely used as a manure; and for 
this purpose the first and second beds of Chama are preferred, on 
account of the immense amount of calcareous matter and the large 
proportion of green sand which they contain. Judging from the 
_ occasional appearance of bluish green clay on the line of the beach, 
and in some places immediately at the base of the cliff just de- 
scribed, it is highly probable that a continuous stratum of this sub- 
stance lies beneath the other beds throughout the whole extent 
observed. A horizontal bed of yellowish clay extends for some 
distance along a lower portion of the cliff, in which there are no 
fossils; running within a few feet of its upper edge, and beneath 
this bed and parallel to it, is a thin layer of the iron ore formerly 
described. At the foot of this cliff appears the underlying stratum 
of clay. 


BT 
DESORIPTION OF THE CLIFFS AT YORKTOWN, ON York River. 


The elevation, abrupt form, and peculiar structure of the cliffs 
at this point, and for some distance both above and below, render 
it an interesting spot to the geologist. A dry and ample beach, un- 
interrupted by creeks or inlets for several miles, affords a ready 
access to the banks, while the river’s edge, strewed with fossils 
which have fallen from the cliff, exposes a considerable variety of 
interesting specimens. Immediately at York the river is only three 
eighths of a mile in width, but both above and below it expands to 
a breadth six or seven times as great. 

At Wormley’s creek, about two miles below the town, the cliff 
about to be described begins; but from this point down, to the ex- 
tremity of The Peninsula the banks are uniformly flat and low. The 
cliff here consists at bottom of a bluish sandy clay, containing im- 
mense numbers of 7urritella alticosta, Cytherea Sayana, and many 
small Univalves, over which lies a layer of brownish yellow sand, 
with very few shells, and those chiefly Nucula limatula, and a few 
other species. To this succeeds a stratum composed almost entirely 
of Crepidula costata, so closely packed together as to leave little 
space for sand or other earthy matter. The whole is covered to a 
variable depth by a stratum of coarse sand of various strong tints, and 
evidently highly ferruginous. The elevation of the cliff increases, 
and the nature of its contents gradually changes in approaching York. 
The lower stratum disappears entirely after continuing for some- 
thing less than half a mile, previous to which, however, its fossil 
contents are changed, the layer of the Turritelle being replaced by 
Crepidula closely packed together. Orepidula still runs on hori- 
zontally above, and the intermediate stratum is now densely filled 
with Pectens, Venus deformis, Ostrea, and a great variety of small 
shells frequently connected together, so as to form hard masses of 
considerable size. Still higher up the river the deposit assumes the 
character of successive layers composed of comminuted shells, con- 
nected together so as toform a porous rock. These fragments are 
generally so smal] and so much rubbed and water-worn as to render 
it impossible to ascertain the species of shells of which they once 
were portions. Many small shells, and occasionally large ones, par- 
ticularly Pectens, are found mingled with the other constituents of 
the rocks; and in some places thin layers of shells, such as Venus 
and COrepidula, intervene between the adjacent strata. The height 
of this fragmentary rock amounts in some places to forty feet. In 
most places it has a highly ferruginous aspect, though this is not 
invariably the case. Frequently shells of considerable size, such as 
Lucina anodonta, are seen coated with, or entirely changed into, 
crystalline carbonate of lime, firmly cemented in the mass. The 
texture of the rock is various, at some points admitting of being 
’ readily excavated by the pick and spade, so as to form caves which 
have been occasionally used by the inhabitants; in other places ex- 
hibiting a hard and semi-crystalline structure, and having the com- 
pactness of some forms of secondary limestone. The lower portion 
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of the cliff, having less cohesion than the rest, has been scooped out 
by the action of water so as to give it occasionally an impending 
attitude. 

Above the town the stratum of fragmentary rock becomes much 
thinner, being now reduced to about ten or twelve feet. A stratum 
of yellowish argillaceous clay, abounding in Artemis acetabulum, 
Mactras, and other large shells, lies immediately beneath the rock ; 
and lower still appears the stratum of bluish clay, filled with Vucula 
limatula, several species of /usus, and various other fossils. 

A narrow layer of zron ore extends along the cliff, with occa- 
sional interruptions, at a small] distance above the fossiliferous strata. 

This fragmentary rock continues in a narrow band, with some 
interruptions, for about a mile and a half above York. Beyond this 
point it is met with chiefly in detached masses. Extensive beds of 
shells, similar to those which appear at York, come to view in the 
vicinity of Bellefield, and line the shore for a distance of about three 
miles. These beds rest on the usual stratum of sandy clay, and are 
in some places, as already described, covered by astratum of the same 
substance. At a still remoter point, about six miles above York, on 
Jones’ plantation, a porous rocky mass occurs, overlying the stra- 
tum of shells in a thin and interrupted layer. Though very similar 
in appearance to the fragmentary mass before described, and evi- 
dently at one time composed of portions of shells, it is almost devoid 
of any trace of carbonate of lime. It appears to consist of silex, 
slightly tinged with oxide of iron, approaching in its porous char- 
acter and harsh, gritty texture to the nature of the burr stone of 
France. Associated with this isa more compact rock, containing 
some carbonate of lime, with much silex, and exhibiting very per- 
fect casts and impressions of Pectens, Cardium, etc. Over these 
strata is the usual layer of ironstone, and the general aspect of the 
upper beds is somewhat ferruginous. 

It is interesting to remark, that with some interruptions, a 
fragmentary deposit, similar to that observed at York, extends to 
the lower extremity of The Peninsula. At Pocosin, a flat swampy 
country, which is often inundated by the tides, this deposit is uni- 
formly met with by digging a few feet below the surface. Pectun- 
culus, Pectens, Ostrea, as well as numerous small shells, occur min- 
gled with it, as at York; the fragments, however, are not cemented 
together, but form a loose friable mass. A rock, consisting of ce- 
mented fragments of shells, occurs also at various other points on 
the eastern portion of the Miocene district; and a fragmentary 
deposit, like that above described, is found near the extreinity of 
all the peninsulas formed by our creat rivers. 

A very interesting feature in the structure of the cliff at York 
remains to be described. Though the general direction of the fossil 
beds is nearly horizontal, several of the strata of rock are composed 
of transverse layers parallel to each other, generally dipping toward ~ 
the north, and making an angle of fifteen or twenty degrees with 
the horizon. The course of these laminae sometimes differs in 
adjoining strata, and in some places the obliquity diminishes gradu- 
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ally until the lamings become horizontal; thus presenting a remark- 
able resemblance to the appearances described by Lyell and others, 
as existing in the Crag of England. The phenomenon here described, 
viewed in connection with the fragmentary structure of the rock, 
and the general distribution of broken shells over the lower extrem- 
ity of The Peninsula, would seem to indicate the former agency in 
this district of coast currents and an ocean surf.. The beds of shelly 
matter comminuted by these means, and subsequently elevated above 
the level of the tide, would be gradually cemented into a rocky 
mass by the crystallization between the particles of such portions 
of the calcareous matter as the rain, when just fallen, was capable 
of dissolving. The solvent power of rain, being chiefly due to a 
portion of carbonic acid with which it becomes united in its descent 
through the air, would be lost, as the liquid percolated through the 
shelly strata, and thus the calcareous matter which it had seized 
would be gradually deposited in the crystalline form. 

Besides shells and zoéphytes, the bones of cetaceous animals and 
the teeth of sharks are of very frequent occurrence in the fossil- 
iferous beds, but no remains of fresh water or land animals have as 
yet been discovered. The total number of species of shells from 
these points which have yet been identified is about ninety-six, to 
which may now be added several new species recently discovered, 
and described in a joint paper by Professor H. D. Rogers and my- 
self. 

_The structure of the interesting portion of the state lying on 
the eastern side of the Chesapeake is, so far as hitherto explored, 
extremely simple; but as yet only the surface strata have been 
examined, and it is far from being improbable, that at no very con- 
siderable depth beyond that reached by the ordinary wells of the 
country, deposits calculated to prove of much economical value 
might be attained. Beneath the superficial sands and sandy clays 
of the country, a bed of clay of a tenacious character is first reached, 
frequently impregnated with salt, and communicating to the water 
obtained from it more or less of a brackish flavor. Beneath this a 
more arenaceous bed occurs, beyond which, as far as I can learn, 
no digging has been carried. From this more sandy stratum, water 
of a purer quality is procured. Hitherto no beds of mar] or fossil 
shells have been found anywhere in thisregion. Yet there is reason 
for the opinion, that such deposits would be met with by boring to 
some depth, and possibly near enough to the surface to prove avail- 
able in the agriculture of the country. 

The water of the Miocene marl district, whether of wells or 
springs, presents nearly as great variety as the mineral beds from 
which it issues. In the more eastern parts of the region, it gener- 
ally contains a notable impregnation of common salt, and in neigh- 
borhoods where shell marl abounds, a marked proportion of calcare- 
ous matter. The copiousness and transparency of springs of the - 
latter description, as well as the carbonate of lime which they hold 
dissolved, give them a character nearly allied to that of the lime- 
stone springs of other regions, while the common salt which they 
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almost invariably contain, and with which they are sometimes 
strongly imbued, constitutes an important feature of distinction. 
The beds of ferruginous clay and sand in many cases, impress a 
slight chalybeate character upon the water, and occasionally impart 
to it so large an impregnation of iron as to render it of decidedly 
medicinal utility. 

Owing to the calcareous matter, and occasionally other substances 
which it holds in solution, nearly all the water of this region pos- 
sesses the character of hardness. By boiling, this evil is entirely 
remedied ;—the carbonate of lime is precipitated, first rendering the 
liquid cloudy, and subsequently collecting on the sides and bottom 
of the vessel in the form of a thin incrustation. In such of the 
arts as require a water free from this peculiarity, the marl water 
should be boiled previous to use; or, in lieu of this, though by no 
means an effectual substitute, it should be exposed for some time to 
the sun in open reservoirs. The carbonic acid which is the chief 
solvent of the calcareous matter, being expelled by heat, suffers the 
latter to separate from the liquid, and thus the cause of the hardness 
of the water is in a great degree removed. It is obvious from these 
facts, that the water obtained from strata of gravel, sand, or pure 
clay will in general be purest and most suitable for employment in 
the arts. As an example of the kind of impregnation usual in the 
water of this district, I subjoin the results of an analysis of the 
contents of a spring in James City county, near Williamsburg. In 
400 cubic inches of this water the aggregate of solid matter was 
found to be 104.49 grains, consisting of the following substances, 
viz. : 





Muriate of sodas. 2 0.90. Se ae 49.84 
Muriate- of time -')'). 2.0" 252 Ca 15.08 
QOarbonate oflime..). 20°F. Oh eee 26.73 
Sulphate of time. 022. ee 6,24 
Silica and alumina. 0007 2 See 4.00 
Sulphate*of' soda. ../.). 2... OLS 0.25 
Ammonia. 2). OSES eee a trace 
Organic matter. 20 2. . 1.00 
TOSB.r cic en eae a ble cee cnet ent. 1.75 
104.89 


The large proportion of Muriate of soda shown to be present in 
the above instance is an interesting fact, particularly when taken in 
connection with the locality whence the water was procured. For 
it cannot be considered probable that this ingredient could be de- 
rived from the neighboring rivers or bay, as this would imply an 
extent of filtration in a horizontal and upward direction which it 
would be unphilosophical to admit. It is rather, as I conceive, to 
be looked upon as referable to the former impregnation of saline 
matter derived from the waters of the ocean, beneath which nearly 
all the strata of this region were originally deposited. 
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NATURE AND VARIETIES OF THE MioceNr SHELL MARL. 


In the general description of the district of which we are now 
treating, a detailed account has been given of the arrangement of 
the beds of fossils as they occur in nearly all the localities which 
have been examined, accompanied by an enumeration of the princi- 
pal shells, an account of the materials in which they are embedded, 
and: with which they are associated in contiguous strata. We are 
next to consider the materials of these beds in relation to their 
agricultural importance, and to exhibit the relative value of the 
marl of different localities as illustrated by chemical examination. 
A large proportion of the matter of all shells consists of carbonate 
of lime; hence they are nearly identical in composition with lime- 
stone, chalk, and marble. To this ingredient, in whatever form it 
may be applied to the soil, general experience has ascribed a very 
high degree of fertilizing power, and hence, in the application of all 
the varieties of calcareous marl, we are guided chiefly by the propor- 
tion of the carbonate which they contain, as determined by chemi- 
cal analysis. It should not, however, be inferred, that the various 
mixtures of earths and other substances with which the calcareous 
matter is usually associated, are devoid of useful action when applied 
to land. The experience of agriculturists is certainly inconsistent 
with such an opinion, though it has most clearly evinced the power- 
ful efficacy of calcareous manures. The invaluable publications of 
the editor of the ‘ Farmers’ Register,” by directing the attention of 
the farmers to the employment of the shell marl with which nature 
has supplied them in such rich abundance, have led so extensively 
to the application of this manure, and have produced so general a 
conviction of its fertilizing effects, as to render it unnecessary in this 
place to introduce either facts or arguments in its favor. To the 
valuable practical suggestions of this gentleman, contained in the 
“Oalcareous Manures” and other publications, we are indebted for 
much of the amelioration which has taken place in the agriculture 
of Eastern Virginia, and [ therefore cannot do better, in alluding to 
this branch of my subject, than to recommend these works to the 
earnest perusal of all who are interested in advancing the pros- 
perity of that portion of the state. 

But, although the richness of the marl is mainly dependent on 
the proportion of its calcareous contents, it is also largely influenced 
by the nature and condition of the shells of which it is composed. 
It is well known that the recent oyster shell, especially in its un- 
broken state, is far less immediate and powerful in its action upon 
land than the friable and pulverulent shells, of which many of the 
most valuable mar! beds are principally made up. Yet in the com- 
position of the recent oyster shell, the amount of calcareous ingre- 
dient is nearly as great as in the richest marl beds which we have 
examined. According to an analysis which I made some years ago, 
100 grains of this material were found to contain: 





Oarbonate of lime... 20. 4.3. eee 95.18 grains. 
Phosphate of limes... ..20. 6oeaeeaee 1687s 
Silex (probably accidental)................ eS 
WAGED aoe sake es eae ble are 2 ee Ge: Aes 
Insoluble animal matter ->.) ..° >. yas 0.45 * 
L088, SUG. ee step op Oa 0.47: **6 
Lotalact ool, alien 100.00 ‘ 


Vide ‘‘ Farmers’ Register,” vol. i, and ‘‘ Silliman’s Journal.” 

These remarks being also applicable to some species of fossil 
shells, it becomes necessary, to a judicious selection of the marl, to 
give some attention to the different nature of the shells contained in 
the several varieties of marls offered to our choice. 


Kinps oF SHELIS WHICH ARE LEAST LIKELY TO BE USEFUL. 


The fossil oyster and scallop shells (Ostrea Virginica and Pecten), 
of which many marl beds are almost exclusively composed, are gen- 
erally found in a nearly unaltered state. Comparing the composi- 
tion of these shells, as ascertained by my analysis, with that of the 
recent shells, the animal matter which, though small in quantity, 
seems to act powerfully as a cement for the other materials, was 
found to have been retained in almost undiminished proportion; 
and thus these shells are scarcely better fitted for the soil than 
recent ones of the same species. It is to the animal matter retained 
by the fossil scallops that we are to ascribe the dark color they 
assume when burned for lime. Whatever might be the usefulness 
of this ingredient if mingled with the soil, it here operates to impair 
the value of the shell as caleareous manure by the insoluble character 
it imparts to the materials it holds together. Next in tardiness of dis- 
integration, and in consequent inefficiency as a manure, may be enu- 
merated the large clam ( Venus mercenaria), and an oblong, smooth, 
flat shell (Crassatella). These, however, have evidently undergone 
a change, which prepares them for yielding, more readily than the 
former, to the agencies of the seasons. Most of the other species, 
though entire when first found, soon fall to pieces and spread their 
fertilizing fragments through the soil. There is, however, even 
among them some room for choice—and this leads us to consider the 


Kinps oF SHELLS WHICH ARE MOST SUITED FOR THE PURPOSE OF 
MARLING. 


The Chama, formerly mentioned as occurring in extensive beds 
in some portions of the Miocene, and existing in considerable pro- 
' portion in nearly all the fossil strata, forms the principal component 
of some of the most productive marls. This is a small, two-valved 
shell, of rugged exterior, which readily breaks to pieces in the | 
ground, and is spread evenly over the Jand with great facility. An- 
other shell (Serpula), of which there are numerous rich beds in 
Surry county, possesses these advantages in a still higher degree. 
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From its fragile texture, and irregular tubular structure, it is quickly 
mingled with the soil in a minutely subdivided state, and as like the 
Chama, it frequently occupies the marl beds to the exclusion of 
other fossils, it furnishes a marl of a very superior description. As 
a general rule, the small shells are most likely to prove efficacious, 
as well from the fact that, where they occur, the proportion of car- 
bonate of lime and green sand is unusually great, as because they 
are most easily reduced to the condition in which they become 
available in the Jand. 

Of the Pulverulent White Marl.—In many situations the marl 
presents an appearance not very unlike that of an impure chalk. The 
mass of the stratum is chiefly made up of a white or yellowish friable 
material, intermixed with fragments of the harder species of shells, 
In such cases the shells are rarely found entire, and the condition of 
the fragments is usually such as to render it difficult to recognize 
the species of fossil to which they belonged. Many extensive beds 
of marl of this description have been opened in the counties of Mid- 
dlesex, New Kent, James City, York, and Gloucester, all of them 
largely abounding in calcareous matter. Even as much as ninety- 
seven per cent of this substance was found in a specimen from one 
of these localities; and it will appear from the table of calcareous 
marls hereafter to be given, that in general the proportion exceeds 
eighty in the one hundred. Occasionally, however, a mixture occurs 
in which the calcareous matter is blended with a large proportion of 
white clay and sand, presenting in the mass an aspect so nearly re- 
sembling the former, that without chemical analysis it would be 
difficult to distinguish between them. 

Of the Blue Marl.—In our general description of the arrange- 
ment of the fossiliferous strata, mention has been made of the bluish 
green or clayey marl-which occurs low down in the ravines and near 
the water’s edge on the river banks. This is what is usually known 
among farmers as the blue marl. From the soft condition of the 
shelly matter which it contains, and the predominance of clay in its 
composition, this has been found peculiarly serviceable when applied 
to the more arenaceous varieties of soil. In the quantity of calcare- 
ous matter which it contains, it is usually inferior to the beds of a 
white or brown color, which in many places rest above it, though 
it is not to be inferred that in many instances it may not prove 
equally advantageous to the Jand. The coloring matter of the clay 
appears in part to consist of a carbonaceous matter, derived probably 
from the organic materials originally associated with the shells, and 
often in part of a minutely divided green sand, either of which in- 
gredients might be expected to aid the calcareous and clayey matter 
in benefiting the soil. 

Of the Hard Ferruginous Marls.—In some localities the beds con- 
sist of shelis more or less broken, intermixed with a brown ferrugi- 
nous sandy clay, and often cemented with these materials into masses 
which are broken with some difficulty. These, although rich in 
calcareous matter, must obviously, from their mechanical texture, 
prove less valuable than either of the former. To this class also may 


44 


be referred the shell rock, and fragmentary masses approaching to 
limestone, which occur in various places. 

From the large percentage of carbonate of lime which these con- 
tain, there can be no doubt that by burning, they might be converted 
into a highly valuable lime. A specimen from the cliff at’ York 
yielded 87 per cent of calcareous carbonate, as large a proportion as 
most of the valley limestones have been found to contain: comput- 
ing the quantity of caustic lime, corresponding to this, we find that 
100 pounds of the shell rock would yield 48°7 pounds of strong lime. 
It is therefore well worthy of consideration whether the conversior 
of this material into lime might not be an object of profitable en- 
terprise. In the neighborhood of York, and other places where it 
occurs, rock of sufficient hardness might be obtained in great abund- 
ance, and at comparatively little cost; and the cheapness of fuel 
would render the operation of burning, one of moderate expense. 
That much of this rock, when exposed to intense heat, would fall to 
pieces, and thus injure the value of the product for distant use, is 
undoubtedly true. But there is also much of-it found in bands 
throughout the cliff, which has almost as great solidity and perma- 
nency in the fire as a secondary limestone, and from this a lime of 
superior character might unquestionably be produced. Owing to 
the great abundance of shell marl in these places, and the general 
resemblance of this material to the constituents of a marl bank, its 
probable utility in this point of view appears hitherto to have been 
overlooked. But regarding it in its true light, as a tertiary lime- 
stone, We see no reason why it should not become a source of profit- 
able manufacture in its immediate vicinity. 


OF THE GREEN SAND, SULPHATE OF [RON, AND OTHER MATTERS ASSO- 
CIATED WITH THE Mart Bens. 


Green Sand.—As already intimated, this substance is frequently 
found disseminated in the marl, and also in the overlying stratum of 
clay or sand. From the remarkable effects of comparatively small — 
quantities of this material when applied to land, there can be no 
doubt that many of the marls of Lower Virginia owe some of their 
value to its presence. Supposing. only as much as ten per cent of 
this substance in a marl—and this is far below the amount which I 
have ascertained to exist in many localities—one hundred loads of 
marl would correspond to ten of the green sand, an amount which 
in New Jersey has often been found productive of striking benefit. 
Several of the most efficient marls which I have examined were 
more remarkable for the large proportion of this substance contained 
in them than for their richness in calcareous matter. In many marl 
pits which I have visited, the impressions of the pick and spade were 
streaked with green marks, which upon inspection were found to 
result from the bruised granules of this matter. In such eases, there 
can be no doubt of the existence in the marl of an amount of green 
sand capable of affording material aid to the growing vegetable. In 
the layer immediately above the marl also, it sometimes exists in 
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considerable quantity—and hence instead of rejecting this overlying 
mass, in mapy cases it would be decidedly better to carry it out upon 
the land along with the calcareous matter. The experience of many 
farmers has already shown the propriety of this plan, and some even 
entertain the opinion that this upper layer, where the green sand 
abounds, is quite as beneficial as the marl itself. Further observa- 
tions respecting the greensand will be given in treating of the Eocene 
marls, of which it constitutes a very important ingredient. 

Sulphate of Iron and Sulphur.—In some parts of the Miocene 
district, there occur beds of clay more or less sandy, and usually of 
a dark color, containing these substances in a minute but still appre- 
ciable quantity. Such matter, there is reason to believe, would not 
in general prove beneficial to the soil. The former has been thought 
positively detrimental to vegetation, and certainly when applied in 
considerable quantity, this is its effect. What agency it might exert 
in a more diluted state, and mingled with other matter, we are 
without the means of determining. Probably under such circum- 
stances it might operate as a stimulant, and thus contribute to the 
growth. The same doubts are also applicable to the other substance 
above named. Yet in some well authenticated cases the action of 
these copperas and sulphur clays has been found strikingly beneficial. 
In these instances, however, it would seem that much, if not all the 
benefit, was produced by the effectual protection which even minute 
quantities of these substances, especially the latter, afford against 
the attacks of insects. In a cotton field in which all the alternate 
rows were lightly sprinkled with earth of this description, the plants 
so treated grew up vigorous and healthy, while the others became 
sickly and were nearly devoured by insects. Much careful obser- 
vation is required to determine the kind and mode of influence 
which these substances exert, and it would be premature, in our 
present ignorance of the matter, to assert any convictions on the 
subject. The presence of the former of these ingredients, if not 
recognized by the copperas flavor, will be readily discovered by 
steeping the earth in water, decanting the clear liquid, boiling it 
down to a small volume, and then adding tincture of galls or prus- 
siate of potash. A black or brown color. with the former, or a 
blue one with the latter, would indicate its presence. .The experi- 
ment, however, should be made in a glass or china vessel. The 
sulphur becomes manifest to the smell when the clay is heated, and 
even at ordinary temperatures its peculiar odor may often be per- 
ceived, 

The following table exhibits the percentage of carbonate of 
lime in a number of the Miocene marls which I have examined. 
The analyses were made with the ‘apparatus for analyzing cal- 
careous marls and other carbonates,” described in the ‘t Farmers’ 
Register” and “Journal of Science.” No attempt was made to 
ascertain the proportions of sand, clay, or green sand, because the 
trouble of the analysis would have been increased more than ten- 
fold, and probably no useful result could have been attained. In 
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each experiment the appearance and character of the undissolved 
matter were noted, and thus a general estimate formed of the other 
ingredients of the specimen. These notes are contained in the 
fourth column, the first giving the localities, the second the aspect, 
and the third the quantity of calcareous matter: 


TABLE EXHIBITING THE PER CENT. OF CARBONATE OF LIME IN 
Miocenz MARILs. 








GLOUCESTER. 
Walter Jones ........... White sandy marl, 
with fragments of 
PONG Vie Giee ee 87.1 | The residuary matter 
chiefly silex. No 
reen sand. 
DN HLOOE SF ONGCH » sus 2'4e 0s gins White clayey marl..| 61.5 | The residuary matter 
, chiefly clay, with a 
little green sand. 
T. W. Fauntleroy....... White pulverulent..} 60.0 phiney clay, no green 
sand, 
Several feet below 
LE Cc tee Fine chalky — few 
: traces of shells ....| 96.8 | No green sand. 
From same bed near 
guriace, Miss ies More arenaceous....| 61.8 | Sand. 
Dr. Taliaferro, from gray 
OW PTOUNAE, 5 .< 6.00 | oc sies cure mn m 40s Mee 40.0 
Black low provunds.:.|.:.... sae +> onaeeeeee 68.1 
Highlands, upper 
stration 2. sonk alis) ee. shea. Fee 57.2 
Highlands, lower 
REVO ai p Fane ay.« Keipila ate apd afeinig Tan nin ae 35.9 | A little green sand. 
Iste or WicnHt. 
Burwell’s Bays: sisssee Blue*marl?. [i .ane 62.0 | A little green sand— 
chiefly clay. 
Borwell’s, Bays é. «<23.<s» Yellow marl, 0c» 55.2 | Sand, elay, and a con- 
siderable proportion 
of peroxide of iron. 
Jocl Holleman.......... White, with small 
shells, ss. cob em 80.2 | A little green sand. 


James City. 
The Grove—Burwell’s...| Reddish gray, with 
fragments of shells 
and nume. ous 
specksofgreensand | 60.2 | Sand, clay, and large 
abe Ye of green 
sand, 


From a lower stratum) Similar appearance, 
specks more nu- 


THGYOUB 6s. osc ee 54.7 | Sand, clay, and still 
more green sand. 
King’s Mill-cliff si 43... Similar aspect ...... 62.0 | Sand, clay, and much 


green sand, 
Judge Semple’s farm, two 
miles below Williams- 
DUNG ch eset a eeveks ted Similar aspect ...... 79.0 | Sand, clay, and much © 
green sand. 
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GLoUCESTER—( continued) 


Dickie Galt’s, near Will- 
iamsburg hospital...... 


Dr. Semple’s, 13 miles 
from Williamsburg | Yellowish pulveru- 
] 


UM eetaetele 56 6 <.0\0, «10 
Another stratum ....| Grayish yellow..... 
Dr. Peachy’s, near James- 

IDO Toeh tsa ee ha alet). White pulverulent.. 
Mr. Wynn’s, near York..} White pulverulent.. 
REE SPAGR Bios Oba e waar iss White pulverulent.. 

LANCASTER. 

Curratoman — J. Cabell, 

Esq., first bed..... Grayish yellow si- 
licious clay, filled 
with hollow casts 
of Astarte undulata. 

Second bed......... Fragments of shells, 
but no casts....... 
oe Fragments of shells, 
but no casts....... 
Fourth bed ......... Fragments of shelis, 
but no casts....... 
Fifth. bed..........+.<. Fragments of shells, 
but no casts....... 

Mippiesex. 

Mr. Jesse’s, near Urban- 
na, Relea. 6's: White pulverulent.. 
Res ta pichdits id d= « Sandy and greenish 
PUG poe d oAif ties 

Dr. R. Christian, near 
RUEMMRNEEIN cp Js cis'c e's oc oce Chalky—smal] frag- 


, ments of shells.... 
Mrs. Thurston’s, 8 miles 


from Urbanna......... White and pulveru- 
Wek <4 ,< keectuetens sé 
New Kent. 
Mr. B. Crump, 5 miles 
below Court-House....| White pulverulent.. 
Mr. Ro. Christian’s...... White pulverulent.. 
Mr. J. Marshall.......... White pulverulent.. 


Prince GEORGE. 


_ Mr. William Harrison ...| White pulverulent.. 
Surry. 

BM EERE PODCK. on... op a0. ATS V IGN icp dy ve: 4 9 « 

Lower stratum...... Grayish yellow ..... 

Upper stratum ...... Abounding in Chama 


Capt. Smith, Court-House| Bank made up of 


Chamaand Serpula. 





Or 





No green sand, 


Sand and clay. 
Sand and clay, and 
some green sand. 


Chiefly clay. 
Clay and a little green 
sand. 


Clay and a little green 
sand, 


Clay,sand, and oxideof 
iron. No green sand. 


Clay. 
Clay. 
Clay. 
Clay. 


Chiefly clay. 


Much green sand. 


Sand and clay. 


Sand and clay, and 
much green sand. 

Sand, clay, oxide of 
iron, and much 
green sand. 

Sand and much green 
sand, 


Much green sand, 
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Surry—(continued.) 





Bacon’s Castle .......... White pulverulent..| 97.7 | No green sand. 
Mr. D. Stith, Court- 
CE ee ae ey ee White sand, with 
fragments of Perna.| 85.0 |Sand. No green sand. 
MOTION: CAA Sas as ne oe we Very argillaceous...| 29.8 No green sand. 
York. 
Mr. R. Garrett’s, 3 miles 
DELOW. LOT f. v.02. eee White pulverulent..| 90.2 
Belle farm — Major T. 
STII Cwm Frgniete ys te « ate « Reddish yellow — 
fragments of shells.) 79.2 | Clay and oxide of iron. 
PLAT CLL ee fotne Grazdiaje © of Rocky and sub-crys- 
talline 2. ssiee ....| 87.8 | Clay and oxide of iron. 











Eocene Mart District. 


As already indicated, the extent and boundaries of this inter- 
esting portion of Eastern Virginia are as yet in a great degree mat- 
ters of conjecture. The discovery of an Eocene deposit in the 
state, first announced by me about eighteen months ago, in a com- 
munication to the ‘‘ Farmers’ Register,” has been followed up bya 
minute personal examination of some parts of the district in which 
it occurs, more especially on the James river and Pamunkey. Its 
existence on the Rappahannock and Potomac has also been ascer- 
tained, and specimens have been obtained from a number of inter- 
mediate points. With regard to the region south of the James 
river, though facts have been procured which show conclusively 
that the deposit continues to the southern boundaries of the state, 
time has not admitted of such an investigation as would be necessary 
in defining its extent. A regularly continuing line of observations 
on the Pamunkey river, commencing below the point at which the 
deposit appears above the water’s edge, and extending up the river 
to the junction of the North and South Anna, where it terminates, 
has served to develop the arrangement and composition of the strata, 
and to determine the width of this portion of the formation. An 
inspection of the most important Eocene localities on the James 
river has also contributed many interesting and valuable facts, 
while on the Rappahannock and Potomac, its western limits have 
been determined with as much accuracy as could be attained by 
transient observations directed only to a few localities. 

Wherever observed, the arrangement of the beds of the Eocene, 
and the minerals and fossils contained in them, have been found 
strikingly alike, and hence the description of any transverse line of 
the formation may be regarded as conveying a just representation 
of its character throughout. At the same time, however, it is by 
no means to be assumed, that in all localities the same arrangement 
or composition of the strata must necessarily exist; for within a 
short distance in observations already made, considerable diversities 
have been observed to exist. But there can be little doubt that the 
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general order of the strata already remarked, as well as the char- 
acter of the fossils which they contain, will present much uniformity 
whenever the formation may be discovered within the limits of the 
state. 

The existence of Miocene strata-over the Eocene has been re- 
ferred to under a former head, and some account of this more recent 
overlying deposit within the district of which we now are treating, 
may, with propriety, be prefixed to the description of the Eocene 
itself, , 

Or THE MIOCENE WHICH OVERLIES THE EOCENE. 


Westward of the limits of the Miocene previously defined, the 
general level of the country continues gradually to rise. A surface 
more generally undulating, and strewed with water-worn fragments 
of stone, sometimes of considerable size, marks our approach to the 
region of hills and rocks, whence these memorials of the destructive 
forces of a former period have been derived. The superficial stratum 
in the western portion of this district is generally a coarse sand or 
gravel, often containing large masses of rounded sandstone and other 
rocks, of which the parent strata are generally to be found at no 
remote distance to the northwest. An inspection of these pebbles 
is sufficient to show, that in many, if not nearly all cases, they are 
derived from the grits and sandstones with which the bituminous 
eoal of Eastern Virginia is associated, while from the similar nature 
of the sand and gravel in which they are embedded, we are entitled 
to conclude, that at least in part, they also refer themselves to the 
same region for their origin. In the hills at and below Richmond, 
and in many other places, these beds of gravel have considerable 
depth, and present a structure at once curious and instructive. A 
series of strata at these places, in some of which the pebbles are dis- 
posed in horizontal lines, in others in lines oblique, but still gener- 
ally parallel, inclining downwards to various points in the different 
layers, give striking evidence of the agency of those diluvial and 
oceanic currents, of which geologists have discovered so many me- 
morials in other regions, and may serve when minutely studied, to 
throw much light on the physical changes to which this portion of 
the continent must formerly have been subjected. 

Beneath these beds of gravel, in many places strata of clay occur ; 
but whether referable to the same epoch of deposition, cannot as 
yet be clearly ascertained. Many beds of argillaceous clay, suited 
for the potter and brickmaker, and occasional layers of a beautiful 
yellow ochre, may be placed in this portion of the series. 

Other strata of clay and sand of a peculiar character present 
themselves in many localities beneath the superficial beds. These 
contain a record of their origin, legible to the geologist, in the im- 
pressions of shells and zoéphytes with which they are generally 
filled. On comparing these casts, which in most cases can be easily 
recognized even in their more delicate markings, with the fossils of 
our Miocene mar! strata, their identity is established, and thus the 
strata in question at once take their places in the series of Miocene 
Tertiary deposits. 
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In many parts of Hanover, King William, Henrico, and other 
counties in this range, these beds of clay are found, usually charac- 
terized by a dark greenish grey or brown color, a sulphurous odor, 
and an astringent taste. On Governor’s Hill in Richmond, a stratum 
of the same kind is exposed; and at this spot the fossil impressions 
and other characters above noticed may be distinctly seen. Like the 
clays and sands formerly described as associated with the Miocene, 
these contain sulphate of iron (or copperas), sulphate of alumina 
and sulphur in an uncombined condition. So large a proportion of 
these substances is sometimes present, as to render the water 
obtained from the strata in which they exist, absolutely unfit for 
use. 

It is to the existence of these materials in the strata that we are 
to look for the cause of the disappearance of the calcareous matter, 
in the form of shells, which they once evidently contained. Either 
of the sulphates above named would exert a rapidly decomposing 
action on the carbonate of lime, of which shells principally consist ; 
the sulphuric acid of the sulphate combining with the lime of the 
carbonate, thus converting it into gypsum, while the carbonic acid 
would, in great part, escape in the form of gas. That the gypsum is 
not now discovered in these beds is an obvious result of the com- 
parative solubility of that substance in water; its continuance in the 
strata being only possible where a heavy covering of clay excluded 
the percolating liquid. 

Useless, if not injurious, as these clays are now believed to be 
when applied to land, there is reason to think that they are capable, 
by a little application of chemical knowledge, of being rendered truly 
valuable as an auxiliary manure. The gypsum into which their en- 
closed shells were once converted, would doubtless have imparted to 
them high agricultural value. Can we not replace, if not all, some 
portion of this fertilizing material, by mingling the clay with the 
more pulverulent shell marls occasionally found in its vicinity? That 
this mixture would result in the conversion of a portion of the shelly 
matter into gypsum, there can be no doubt; and where the clay was 
originally rich in copperas and sulphate of alumina, the amount of 
the gypsum thus compounded would be proportionally great. Ex- 
periments on this subject are well worthy of being tried, not only 
with the clays here mentioned, but with those of a similar nature, 
which, as already remarked, occur in the more eastern portion of the 
Tertiary districts of the State. 

Before the amount of gypsum to be anticipated from such a treat- 
ment of these materials can be estimated, a chemical determination 
of the proportion of sulphates of iron and alumina must be had, and 
to this point future analysis might be usefully directed. 

But though much of the Miocene marl in this district has been 
exposed to the destructive chemical agencies above explained, much 
also is found retaining its carbonate of lime in undiminished quantity. 

On the lower levels on the river banks it appears seldom to have 
escaped the dissolving and decomposing action of the sulphates, 
while in the highlands it may usually be found containing its cal- 
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careous matter early as when first deposited. In King William, Han- 
over, Prince George, etc., beds are found in the highlands, at some 
distance from the rivers. The fossils they contain are identical with 
those of the marl beds farther east, and the materials with which 
they are intermixed present no peculiarity important to be remarked. 
Specimens of this Miocene from Hanover, King William, and Prince 
George, exhibit a good percentage of the carbonate of lime, and as 
might be expected, the strata from which they were taken are use- 
fully resorted to by the neighboring farmers. 

As would be inferred from remarks previously made, the general 
level at which this mar] occurs, is higher than that of the Eocene, 
and here the promise is held out that this latter, even in the high- 
lands, would be exposed by excavations carried to some depth be- 
neath the lower limits of the former. 

In examining the Eocene deposit on the Pamunkey and James 
rivers, the interesting geological fact was observed of an actual 
superposition of the Miocene upon it; and on the Pamunkey, the 
precise point was determined at which the Eocene first makes its ap- 
pearance above the water-line, being there overlaid by a heavy bed 
of the more recent deposit. This occurs at Northbury, and directiy 
opposite at the plantation of Dr. Charles Braxton. 


Or tHE EocEeNE on Lower TertiAry Mart. 


The descriptions and facts which will be comprised under this 
head, will principally refer to the localities on the Pamunkey and 
James rivers, to which especial observation has been directed; at 
the same time that their value, as applying to the Eocene district 
generally, may be regarded as being sufficiently established by gen- 
eral geological analogies, as well as such observations upon other 
portions of the region, as the present,early stage of the enquiries has 
allowed me an opportunity of making. No region of Eastern Vir- 
ginia holds out more certain promise of reward to future investiga- 
tion, and none will reap from the research more lasting and impor- 
tant benefits. 


DEsSoRIPTION OF THE EocoENE STRATA OF THE PAMUNKEY. 


Rising above the water-line at Northbury, the upper surface of 
the deposit is seen ascending with a very gentle slope, as it extends 
higher up the river, until at Newcastle it attains an elevation of about 
twenty-five feet above medium tide. Beyond this point, with slight 
undulations in its outline, it continues, with but little general devia- 
tion of height from the water-line to near its termination at the 
junction of the North and South Anna, where it dips or thins out 
until lost immediately on the verge of the coarse sandstone, which 
there, for the first time, makes its appearance in massy form. The 
deposit appears on both sides of the river, wherever the flats do not 
intervene, and at the base of the second level, corresponding in 
position to its place in the river cliffs in the same vicinity. 
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On the south side of the river, the deposit has been particularly 
examined, at Northbury, Hampstead, Retreat, Washington Bassett’s, 
Walker Tomlin’s, Mrs. Ruffin’s, Mr. Roane’s, and Mr. Wickham’s, 
where it terminates. Specimens have been collected from other 
localities, either on the river or at the base of the second level: on 
the north side, at Chericoke, Captain Hill’s, Mr. Nixon’s, Piping 
Tree, N ewcastle, Dr. Braxton’ s, and Mr. Fox’s. Specimens also 
from various other points on and remote from the river, have been 
procured, and thus a somewhat minute acquaintance with this por- 
tion of the Eocene tract has been attained. Toward the southern 
boundary of the deposit, the following arrangement of strata occurs, 
commencing at the top: 

1st. A stratum of greenish yellow earth containing no shells, but 
numerous traces or casts of them, plainly showing that shells were 
at one time embedded in the mass. Sulphate of lime or gypsum 
occurs in crystals, sometimes of considerable size, interspersed 
throughout this stratum, which is principally made up of coarse 
silicious sand, blended with granules of green sand or silicate of 
iron. The thickness of this bed is variable: at Chericoke and 
Hampstead it is about two feet; at Retreat, from four to five. 

2d. Beneath this lies « layer of dark, greenish blue or brown 
earth, which when dried, generally falls to pieces, and is discov- 
ered to consist mainly of coarse siliceous sand and green sand, to- 
gether with shells generally in a broken condition. The shelly 
matter is sometimes entirely wanting, though occasionally it com- 
poses a large portion of the mass. At Hampstead the calcareous 
ingredient exists in large proportion and in a finely divided state. 
Frequently, one or more thin layers of the oyster shell peculiar to 
the Lower Tertiary region occurs in the body of this stratum; a fact. 
remarkably exemplified at Piping Tree, and for nearly a mile farther 
down the river, where the layer of shells forms a hard rocky shelf 
laid bare at low tide, and presenting large and perfect specimens of 
the fossil oyster, in the midst of the greenish stratum just described. 

At Chericoke the stratum rises to about four feet above the 
water, and as ascertained by digging, descends to seven feet below 
the river shore. 

Higher up the stream these strata attain a greater elevation, and 
subjacent beds not apparent at either of the points above described, 
come gradually into view. In these localities we usually find— 

1st. A layer of dark greyish green or greyish brown colour,con- 
taining multitudes of shells, generally in a perfect state; the fossil 
oyster shell already referred to abounding chiefly in the upper part 
of the stratum.- Beneath this, but frequently separated by no dis- 
tinct line of demarkation, we find— 

2d. A layer of darker hue, containing less shelly matter, and the 
shells chiefly of the smaller kinds; and— 

8d. A stratum of the same appearance, in which no calcareous 
matter can be discovered. 

All these strata contain a large portion of the green sand. In 
the upper and lighter coloured beds,the granules of this substance 
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are very obvious to inspection, resembling in size and colour the 
grains of gunpowder, and giving when bruised a bright green stain. 
In the lower beds they are more minute, and being intimately 
mingled with the other materials present, are not readily recog- 
nized, excepting by the general greenish character of the mass, 
These beds also contain a great deal of mica in fine, sparkling scales, 
Of the depth of these strata below the level of the river nothing 
definite is known, no extensive excavations having yet been made. 
At Mr. Wickham’s they are found to rest upon a layer of large peb- 
bles, but this basis is perhaps not co-extensive with the deposit lower 
down the river. 

When the upper bounding surface of the Eocene is even and 
uniform, it is always marked by a thin layer of black pebbles, upon 
_ which there usually rests a bed of olive coloured earth, or of friable 
white clay—and in some cases, both these strata, the olive coloured 
being next the Eocene. 

This olive earth is of a fine texture, containing but little gritty 
sand. Here and there a shark’s tooth in a decomposed condition, 
or the imnpression of a shell, may be discerned. The white stratum 
abounds in casts, but never presents the shells themselves. It shows 
a light trace of gypsum, but in neither of these beds does there exist 
any carbonate of lime. From the character of the organic impres- 
sions they contain, they clearly refer themselves to the Miocene 
formation. 

In some places on the river, particularly where the upper bed 
of the Eocene contains gypsum, as at a point a little below Piping 
Tree, a thin layer of ferruginous rock abounding in casts, occurs 
immediately in contact with the Eocene; this also is to be placed 
among the strata of tlie Miocene. 

A more distinct conception of the order and extent of the strata 
of both the tertiary divisions, as they occur at. different points along 
the river, will be obtained from the following summaries derived 
from observation. 

On the north bank of the river, in a cliff about half a mile below 
Piping Tree, the beds taken in a descending order are— 


Miocene.—1. White, friable, sandy clay, containing fos- 
PAA PUORS ONG 354: 4 penal -Sd trepininn one 10 ft. 
2. White, sandy marl, with broken shells... 4 “ 

3. Ferruginous stratum, abounding in casts, 

and occasionally containing the shells 


Te De pe aE SS Ti RRS EEL Ae 4“ 
4, Thin band of black pebbles. 
Focene.— 5. Dark green sand stratum, no shells...... 4 
6. Rocky shelf of cemented shells of thie 
saddle-shaped oyster................ ‘f 
7. Dark green sand stratum, with small shells. 2 “ 
174 


. The highest Miocene bed is not exposed at this point, but occurs 
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a little farther up the river in the character of a dark blue clay with 
fossil impressions, on which there rests a thin layer of ochreous 
clay, as brilliant in its tints as the finest chrome yellow. This 
ochre is of the most impalpable texture when dried, and would be 
found very valuable in colouring. 

At Mr. Washington Bassett’s, about four and a half miles higher 
up the river, the bank is precipitous, and presents the following 
series of strata: 


Miocene.—Superficial gravel...............2-.-. por.o, fu 
Thin layer of friable sandy clay with 
CASES. + «hs «tm altho wegse Sena eee eee 4“ 
Olive colored earth, with sharks’ teeth 
and a few casts of Miocene shells.... (ie 


Thin line of black pebbles. 


Eocene.— Dark greenish brown stratum contain- 
ing a large proportion of green sand, 
and in some parts abounding in shells, 
The upper portion consists of a rocky 
mass of cemented shell, chiefly the sad- 
dle-oyster .\. 5.20 S05 Ae a eee Bs 20x 


At Walker Tomlin’s, on the south side of the river, immediately 
below Newcastle, the beds are— 


Miocene.— Friable white clay and sand with casts of 
Shells ,..:.,< «.6in-n.9'¢. <q ae eee agen 9% 


Eocene.— Olive earth with pebbles at bottom....... Tettgs 
A dark bluish green clay, containing a 
great deal of green sand, capped by rock 

as at the former locality............... 25.1% 


At Newcastle and William H. Roane’s and Mrs. Ruffin’s estates, 
a similar series of beds occurs, rising still higher above the level of 
the stream. About one mile and a half above Newcastle, the upper 
surface of the Eocene mar! has an elevation above the river of more 
than thirty feet. The lower stratum consists of the bluish green 
clay before mentioned, containing only a few of the more delicate 
shells, and richly abounding in green sand; the upper, of a grey 
caleareous marl, thickly speckled with granules of this substance. 
Over the whole is a layer of the white, friable material, with Mio- 
cene impressions. 

The upper surface of the Eocene usually presents an unbroken 
line, though at some places, as at Mr. Fox’s above Newcastle, this 
is not the case. The bed here consists of a light-coloured sand and 
clay speckled with the green sand, and containing vast numbers of 
the Eocene oyster. Its outline presents numerous cavities and 
eminences, exactly resembling those which occur in the Miocene 
deposit nearer to the seaboard. <A narrow layer of common sand 
deeply tinged by mixture with green sand, lies immediately upon 
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this irregular surface, and the whole is covered with a bed of gravel 
and sand, with diagonal lines of stratification, indicating the agency 
of currents at the time of its deposition. 

At Mr. William Wickham’s the overlying stratum consists of 
bands of ferruginous gravel and sand, containing round concretions 
like geodes, generally filled with sand. Thin seams of iron ore run 
along this stratum a few feet above the fossiliferous beds. These 
latter in some places present a level outline, and are then always 
covered by a layer of sandy clay containing much green sand. On 
the other hand, where the outline is undulating and irregular, a 
stratum of gravel rests immediately in contact with the bed of 
marl. The size of the gravel thus deposited, as well as the scooped 
surface of the bed on which it reposes, indicating the operation 
of powerful currents after the deposition of the strata of Eocene, 
presents an explanation of the absence in these places of the upper 
bed of this formation, remarked as present in those spots where 
there are no such indications of the action of destructive forces. 
The matrix of the fossils is sometimes an olive-colored clay, some- 
times a greyish green sand and clay, and sometimes a bluish black 
clay, containing a large proportion of the granules of green sand. 
The depth of the mar! is fifteen feet. 


Eocene STRATA OF THE JAMES RIVER. 


The beds of Eocene on the James river first make their appear- 
ance on its southern shore near Coggin’s Point, and thence continue, 
except when interrupted by the river flats, to a small distance above 
City Point, making a distance, following the flexures of the shores, 
of about ten miles. On the opposite side they have been found at 
Berkeley and other points, but as yet this portion of the deposit has 
been but little examined. 

At Coggin’s Point, Tarbay, and Evergreen, the cliffs have a height 
varying from thirty to forty feet. The Miocene marl, which in some 
places is seen overlying the Eocene, abounds in scallops and other 
shells which make it easily. recognized. Beneath this, and usually 
separated from it by a thin line of black pebbles, like those occur- 
ring on the Pamunkey, there occurs a stratum of a greenish red and 
yellow aspect, containing much green sand and gypsum, the latter 
partly disseminated in small grains, and partly grouped in large and 
massive crystals. The under stratum, rich in green sand and con- 
taining a few shells in a friable condition, extends to some depth 
beneath the level of the river, and appears to rest upon a bed of 
clay of a lead color, containing crystals of gypsum. At Evergreen 
a stratum of pure white clay rests upon the upper layer of Eocene, 
containing, embedded in its lower surface, large groups of crystals, 
and seems to occupy the place of the black pebbles before men- 
tioned. The whole thickness of the Eocene deposit at this point 
appears to be about twenty feet. Below as well as above this place, 
its height declines until no portion of it is any longer visible above 
the water's edge. 
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Eoorne Deposir or tHe Potomac, RAPPAHANNOCK, AND Marra- 
PONY, ETO. 


Although the shores of these rivers have as yet been but little 
examined with a view to the structure and arrangement of the vari- 
ous strata they exhibit, enough has been observed to prove that 
they are no less rich in the Eocene marl than the other districts 
which. have been described. On Potomac creek, and fora great 
distance below its mouth, the green sand strata may be seen running 
along the base of the cliff; and from specimens examined, there can 
be no doubt that the character of the deposit is similar to that of 
the Eocene of the James river and Pamunkey. On the Rappahan- 
nock, for a considerable distance below Port Royal, the very same 
appearance is presented; and the green sand obtained from some of 
these localities is in every respect like that from the points already 
noticed... In some places on the Mattapony the occurrence of the 
green sand stratum has been ascertained, while in others the beds 
containing this substance are replaced by beds of clay, which, though 
geologically of the same (or Eocene) formation, are yet less likely to 
prove interesting to the agriculture of the vicinity. Minute enquiries 
throughout all this district, and throughout the corresponding region 
south of the James river, are alone capable of developing the extent 
and value of this deposit. Even a great deal yet remains to be done 
in investigating localities on the James and Pamunkey rivers, the 
northern shore of the latter being so far almost unexplored; and the 
precise character and value of some of the beds in localities exam- 
ined being but imperfectly ascertained. 


Or THE SEVERAL BEDS COMPOSING THE EocoENE FORMATION. 


In treating of the accompanying Miocene in the beginning of this 
section of the report, our descriptions have been confined chiefly to 
those beds which occur remote from the rivers upon the highlands, 
and no mention has been made either of the white, friable sand 
or olive colored clay, already frequently noticed in describing the 
overlying strata on the Pamunkey. 

The first of these, though once the repository of shells and other 
fossils, is now entirely destitute of carbonate of lime. <A small 
quantity of gypsum in a minutely divided state seems to be its only 
ingredient of any value, and the amount of this present in the speci- 
mens I have examined is much too inconsiderable to give the mate- 
rial any agricultural importance. 

The olive earth, which is-frequently an extensive layer, has also 
lost all the calcareous matter which it once contained; but a further 
examination, chemical and geological, of this material, will be re- 
quired before its nature can be exactly determined, or the possible 
applications of which it may admit can be ascertained. 

The upper bed of the Eocene, characterized in most of the locali- 
ties by the gypsum which it contains, is worthy of especial consid- 
eration on account of this valuable ingredient. In specimens from 
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the James river, from five to eight per cent of this substance has 
been found in a divided state, at the same time that a considerable 
additional quantity in a massive form exists in various parts of the 
same stratum. 

On the Pamunkey this stratum is not so thick, and is perhaps 
less abundant in the sulphate of lime. The lower beds, in some 
cases containing a marked proportion of shelly matter, and in others 
having almost none, are more especially distinguished by the larger 
proportion of another and even more important ingredient, to wit, 
the green sand. Both on the James river and the Pamunkey their 
richness in this material gives them an agricultural value which per- 
haps no proportion of calcareous matter by itself, however great, 
would be able toimpart. The illustrations of its beneficial effects, 
and the genera] observations upon its employment as a manure or 
marl, which will hereafter be presented, will, I think, manifest the 
justice of this opinion, and give a sound confidence to those who are 
disposed to make trial of its powers. 


EXTENT AND Commopious PosITION OF THE EOCENE ON THE RIVERS. 


‘One of the most interesting facts presented in the foregoing de- 
scription of the Eocene on the Pamunkey and James rivers, is the 
great depth and extent of those strata, which, from the nature of 
their contents, may be applied to profitable use in agriculture. Beds 
of such materials, preserving an average thickness of twenty feet, 
extend along the banks of the Pamunkey, with occasional interrup- 
tions, for more than twenty miles. 

Their position on the river shore makes them of most convenient 
access, and gives additional facilities to the conveyance of the fer- 
tilizing materials they furnish to various distant points, while from 
the peculiar character of the strata themselves, they are almost 
exempt from the usual destructive agencies of the freshets, being 
of a texture to withstand with scarcely any loss the most violent as- 
saults of the sweeping currents by which the banks of the river are 
so often overflowed. To this cause we are to ascribe the steep de- 
clivity of the shores in many narrow parts of the river, where the 
abrading action of the water, instead of rapidly carrying off the ma- 
terials of these strata, has merely served to wear them into smooth 
and almost perpendicular precipices rising immediately from the 
margin of the stream. 


EXIsTENCE OF THE EOCENE BENEATH THE HIGHLANDS, AND 
THROUGHOUT THE WHOLE BREADTH OF THE STATE, 


The general position and direction of the Eocene beds suggest 
another view of great practical importance to this and the neigh- 
boring districts of the state. I allude to the probable, perhaps I 
may say certain, continuation of these strata over a wide area, on a 
level corresponding to the general depth at which they are found 
upon the rivers. In confirmation of this view it may be remarked, 
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tbat since the publication of a communication on this subject in the 
‘‘Farmers’ Register,” the existence of a similar deposit throughout 
an extensive district of Maryland, lying in the general direction of 
our Eocene formation, has been brought to light, and there is reason 
for believing that within the borders of North Carolina, near to 
the Virginia line, the same strata are displayed in the banks of sev- 
eral of the streams. In the belief then that all this extensive band 
of country, stretching in a meridional direction entirely across the 
State, rests upon strata of this description, we are led to regard it 
as furnishing an immense addition to the resources of the State, 
and as holding out to our enterprising farmers situated within its 
limits, a new motive to persevering and active research. Let it not 
be supposed, however, that wherever the Eocene occurs within our 
state, it will be found to present the same materials in the com- 
position of its strata, as have been found in the localities already 
examined. Much diversity in this respect may, and probably does 
exist. On the Mattapony, as-already stated, the green sand is fre- 
quently replaced by beds of clay of a dark lead color; while on the 
Potomac, Rappahannock, Pamunkey, and James, variable but gen- 
erally large proportions of the green sand occur, and the probability 
is, that future enquiries will develop similar diversities in the ma- 
terials of the beds in other yet unexplored portions of the district. 
Constancy in the character of the embedded fossils is all that is 
necessary to a geological identity of the formations, and this con- 
stancy may exist at the same time that there is a considerable diver- 
sity in the materials in which they are enclosed. It is almost 
certain, however, that throughout a large portion of the region in 
question, extensive and valuable beds containing the green sand do 
exist, and that even in the highlands they might be reached by ex- 
cavations descending not very far beneath the lower limit of the 
Miocene or ordinary marl. 


On THE VALUE OF THE EocENE GREEN SAND MARL IN AGRICULTURE. 


From the descriptions already given of the materials of the va- 
rious beds of Eocene, it will be seen that many of them contain 
ingredients which have long been recognized as valuable when ap- 
plied to land. The gypsum in some, and the carbonate of lime 
in others, will at once bespeak the favor and confidence of the 
agriculturist, and no observations, either as .to their usefulness or 
mode of application, will be necessary to give them the importance 
they deserve. But the characteristic and principal ingredient of a 
large number of these beds, the green sand, possesses claims to our 
attention which are equally indisputable, though not so generally 
appreciated or understood. Experiments within our own state on 
this material, as furnished by the Eocene deposits, though few, and 
on a very limited scale, have been so far satisfactory. But as the 
marls containing this substance, which have been employed, have 
also in most cases contained a notable quantity of gypsum, or of 
calcareous matter, all the benefits which they have produced would 
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most naturally and reasonably be ascribed to those ingredients, 
already known for their agency in ameliorating the land. On the 
Pamunkey the Eocene mar! has long been in use, but chiefly those 
beds have been selected for the purpose of marling in which the 
largest proportion of calcareous matter was seen to exist. The lower 
layers, containing little or no calcareous matter, have on that ac- 
count until lately been rejected as useless, and sometimes when a 
bed of this description of considerable extent was found immediately 
overlying a more shelly stratum, much trouble and expense have 
been incurred in its removal, to make way for the excavation of the 
material beneath. Appealing to the experience of the farmers of 
New Jersey, by whom the green sand, in an almost unmixed con- 
dition, has long been applied for the purposes of a manure, its un- 
rivalled efficacy, and the permanency of its ameliorating effects, are 
to be regarded as established and unquestionable facts. It is true, 
that at one time, owing to the ignorance of those who attempted 
to make use of it, and the application frequently of a spurious ma- 
terial resembling it in aspect, doubts of its value have been excited 
in the minds of some; but the extensive and uniform experience of 
the present enterprising farmers of that state, gives an unqualified 
testimony to the rapidity, the power, and the durability with which 
it acts. 

A comparatively small dressing of this marl, often not exceed- 
ing ten or fifteen loads per acre, is uniformly attended with beneti- 
cial results, and this whether the soil to which it is applied, be a 
clay or a light sterile sand. As an illustration of this fertilizing 
property of the green sand, I will subjoin the following statement, 
quoted from the report of my brother, Professor Henry D. Rogers, 
on the geology of New Jersey, to which work I beg leave to refer 
for ample and satisfactory details relating to the agricultural value 
of this substance, as well as for practical suggestions as to the most 
judicious modes in which it may be applied: 

“When we behold a luxuriant harvest gathered from fields where 
the soil originally was nothing but sand, and find it all due to the 
use of a mineral sparsely disseminated in the sandy beach of the 
ocean, we must look with exulting admiration upon the benefits 
upon vegetation conferred by a few scattered granules of this unique 
and peculiar substance. The small amount of green sand dispersed 
through the common sand, is able, as we behold, to effect immeasur- 
able benefits in spite of a great predominance of the other mate- 
rial, which we are taught to regard as by itself so generally preju- 
dicial to fertility. This ought to exhibit an encouraging picture to 
those districts not directly within the limits of the marl tract, where 
some of the strata possess the green substance in sensible propor- 
tion. It expands most materially the limits of the territory where 
marling may be introduced, and points to many beds as fertilizing, 
which otherwise would be deemed wholly inefficacious.”’ 

If such then be the effects of this material, even under circum- 
stances where comparatively little advantage could have been antici- 
pated, and if such moreover be the concurrent experience of those 
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by whom it is daily and extensively employed, we are fully author- 
ized in the belief, that in the Eocene beds of our own state, though 
in general less rich in the fertilizing ingredient than the Secondary 
strata of New Jersey, the agriculture of Eastern Virginia possesses 
a new and most valuable resource. 

The chemical examination of these marls, with a view to precise 
results, being a matter requiring much time and labor, has as yet been 
carried on only to a small extent. But a thorough analysis of all 
the important varieties, and an exact determination of the propor- 
tion of the various constituents, especially the green sand, or the 
calcareous matter in different localities, will be a work from which 
much practical good may be derived. By the light of such results 
alone, can the farmer be safely directed in applying it to the soil, or 
be properly guided in distinguishing between a material which is 
spurious and one which will be found salutary in its effects upon 
the land. 

The following results are to be looked upon as approximate de- 
terminations, but will serve to illustrate the composition of several 
varieties of the marl: 


ComPosiITIoN OF GREEN Sanp (Eoorenr) Marts. 


- Dr. Corbin Braxton’s. 


Silica and: alumina, etc, ...5 Syl. Sa ee 50 
Carbonate: of lime ii. »./1) Sea eeu. ae 10 
Greeh:sand : siwnili. ne. EA. SE ee 38 
Gypsurns! ic’ sloides ie ee ee 2 
Walker Tomlin’s, lower stratum. 
Silicatand alumina.'. 7 .Gt ..Gemide ee Se. eee 60 
Carbonate of lime and gypsum.......... a trace 
Green sandy 22 Jowonie.wal.e8 eae a ee 40 
Conrad Webb’s. 
Silica and alumina, etc. .....5 50. 0.800.098. 30 
Carbonate Of dime..s Joc) acitsoe See ee 45 
Green sand.......... PAMPER ie 25 
William H. Roane’s, lower stratum. 
Silica and alumina, etc... ......... su g.00 8 50 
Oarbonate of limemwy.tainv.ad 7. . cote 4 
Green sandinsi. am an..o is 2) boc 43 
Gypsum). cocaniaebog. Jess 3 
Tarbay, lower stratum. 
Silica and alumina, eto......... 2.00. ..aME 40 
Qurbonate of lime... /: .. 2.7.4) 2.4 i218 
Green sands iviie cv. 3.) seg ae 57 


do upper stratum, Gypseous earth containing 
from 6 to 10 per cent of gypsum, and from 
10 to 15 per cent of green sand. 
Berkeley. 
Silica) alumina, ete? i000... 0.02 ae 50 
Greenpmantitesinioitas. out od. 393 v1 0a: aS 50 
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Viewing these results generally, it is apparent, that while in 
some cases the efficacy of the marl would be ascribable in a degree 
to the calcareous carbonate or sulphate present in large proportion, 
in a great many others the green sand ought to be regarded as the 
chief if not the only agent in the effects. A dressing of many of 
these marls to the extent usual in the application of the Miocene 
shell marl would scatter upon the soil a proportion of green sand. 
nearly as great as the average quota which is at present in use in 
New Jersey, and in the richer sorts, a much less proportion would 
be necessary than it is customary to apply where the shells abound. 

We are struck, in considering the composition of these mars, 
with the happy variety of constitution which they exhibit, which, 
should there be any specific action of the respective ingredients on 
particular vegetables, which there is reason to believe is the case 
with one (the gypsum), will the more completely adapt them to the 
variety of crops to which the farmer would wish them to be ap- 

lied. 

, Some caution will be necessary in distinguishing the marls, con- 
taining a large proportion of green sand, from the dark greenish clays 
and sands which have sometimes been mistaken for them. These 
clays are always entirely destitute of fossils; they have an astrin- 
gent or copperas flavor, and generally a strong sulphureous odor, 
though a slight smell of this kind is also observed in the best marls. 
The occurrence of small shells sparsely distributed and in a decom- 
posing state is very frequent in the good marls, though an almost 
total absence of shells is sometimes observed. Fine sparkling scales 
of mica, (not gypsum, as supposed by some), are generally present in 
considerable proportion, and have led those who speculated upon 
the action of the marl, to ascribe a large part of its efficacy to the 
supposed sulphate of lime or gypsum contained in it. To distin- 
guish a marl of this kind from the dark blue Miocene marl, a slight 
attention to the embedded fossils will be sufficient. The saddle- 
shaped oyster, characteristic of the Eocene, and never found in the 
later deposit, would at once determine the bed in which it is found 
to be of the former description—while the common scallop or clam, 
which is never seen in the Eocene, would indicate the Miocene 
character of the bed in which it lies. 

In concluding what I have to say upon this important topic, I 
may be permitted to throw out the suggestion, that should the de- 
posit of which I have been treating, be found as extensive in its 
range and as useful as a manure as here anticipated, the districts of 
the state contiguous to its western limits, as well as the region in 
which it occurs, might be expected to reap important benefits from 
its employment. Parts of Henrico and Hanover, and the Jower 
part of Louisa, in which no marl -exists, would be sufficiently con- 
tiguous to the Pamunkey deposit to avail themselves profitably of 
its use; and when the projected improvements in this region of the 
state shall present cheaper and readier means of transportation to 
the remote parts of the two latter counties, as well as to a portion 
of Goochland, it is not extravagant to hope that this material may 
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be conveyed to those districts at such a cost as will render it a 
profitable as it would be an efficacious restorative to the exhausted 
and sterile soils to which ameliorating applications have of necessity 
hitherto been denied. 

To other parts of the state in a corresponding position, perhaps 
similar benefits might be dispensed, and thus most of that portion 
of the state beyond the reach of the limestone which ranges a 
little east of the Southwest mountain, would in time be brought 
under the beneficent influence of the marls of the western limits of 
the Eocene formation. 


REGION BETWEEN THE HEAD OF TIDE AND THE WESTERN FLANK 
oF THE BiuE Riper. 


The various geological features of this extensive division of the 
state are peculiarly interesting, and at the same time difficult of in- 
vestigation. To trace the limits of the formation of an undoubted 
primary character, occupying the region towards its eastern border, 
and to ascertain the extent of the overlying rocks, connected with 
the valuable bituminous coal of Eastern Virginia, is of itself a task 
in which much time and industry could be advantageously employed. 
To investigate minutely the relations and character of the various 
rocks with which the auriferous quartz of the region adjacent to 
the western limits of the former, is associated, and to ascertain the 
number, direction, and relative value of these veins, so productive 
in the precious metal, would also be a business requiring much la- 
borious and discriminating observation; while, in the remainder of 
the district of which we are now treating, multiplied and accurate 
researches, directed to numerous lines across its surface, would be 
indispensable to correct jviews of its geological details, to the re- 
moval of the many obscurities in which its structure in numerous 
points is as yet involved, and to the really useful development of its 
great mineral and agricultural resources. In the brief period al- 
lotted to the reconnoissance, therefore, the attainment of much mi- 
nute knowledge regarding this region was not to be anticipated, 
although while aiming at the determination of interesting points of 
general enquiry, it was always deemed an important object to collect 
useful details, calculated to throw light upon the resources as well 
as the structure of this region. 

Before entering upon the description of the strata of primary 
and other rocks of a very ancient character, of which this region is 
in the main composed, it will be most convenient to treat of the in- 
teresting formations, including the bituminous coal of Eastern Vir- 
ginia, as well as of the sandstones overlying the tide water borders 
of thé primary. 


GroLogy oF THE Birumryovus Coat FIELD INCLUDED IN THE PRI- 
MARY Region, 


Of the extent and exact geographical limits of this truly interest- 
ing coal formation of Eastern Virginia, too little is yet known to 
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warrant more than a few words to designate its general position and 
relations to the other strata. We shall dwell, however, upon one 
or two points connected with its internal structure, of great moment 
to all those who are interested in the further development and 
working of its coal seams. 

It will be apparent, by a reference to the general profile or geo- 
logical section across the state, that the sandstones and their asso- 
ciated coal seams, which make up the formation before us, rest in a 
narrow trough in the primary strata. Whether the group is char- 
acterized by containing coal to a greater or less amount throughout 
its whole extent, is yet a question, and one which can only be de- 
termined after minute and elaborate investigation. Traces of good 
bituminous coal are detected at intervals over a space of nearly 
thirty-five miles in length, from the South Anna near its mouth to 
near the Appomattox river; but there is nothing to assure us that 
the sandstone in which the coal occurs, does not range, at least in 
some directions, beyond the limits where the coal itself thins away 
and disappears. Toward the central part of the formation,—namely, 
within a few miles on either side of James river,—the coal appears 
to be the thickest; and it is there accordingly, where the deposit 
has alone been worked, that we can collect facts enough to lead to 
any general views of a practical bearing regarding the structure of 
this coal field. Where our section crosses it,—namely, through 
the estates of Mr. Wickham on Tuckahoe OCreek,—the width of 
the coal tract is about four and a half miles. It seems to expand 
in width as we follow it to the south side of James river, being in 
a section drawn through the Black Heath mines, probably eight 
miles across from the eastern to the western outcrop of the primary 
strata, which compose the floor upon which the coal bearing group 
reposes. The probability is, that this is nearly the centre of the 
basin, and the widest part of it, if we are to judge from the fact 
that the coal exists in greater thickness here than at any place either 
further north or south. 

The thickness of these coal seams is very variable; the great 
lower mass which reposes within two feet of the primary rock, in 
the Deep shaft and other adjacent mines in Chesterfield, is estimated 
to be forty feet from its upper to its lower surface. Over this there 
is another thinner seam, five or six feet thick, separated by a few 
feet of coal shale. A third, still thinner band of coal, is found be- 
tween these in some of the mines. Upon the opposite or western 
side of the basin, two separate seams are wrought in several of the 
mines. At Anderson’s mine, the upper seam varies from six to 
sixteen feet in thickness—the lower, separated from it by thirty feet 
of slate and sandstone, is from four to eight feet, and rests almost 
immediately upon the top of the primary rock. At Willis’s and 
Orouch’s mines, on the southeast side of the coal field north of the 
river, there are also two principal seams, the upper being five feet, 
the lower about four feet thick, and separated from each other by 
eleven feet of slate. In both these points, as elsewhere, the upper 
seam is invariably the purest coal. We have thus, at a ‘distance of 
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nearly ten miles from each other, two localities, showing sufficient 
correspondence in the relations of the seams to each other and to 
the adjacent strata, to establish the continuity of the same beds 
across the whole coal field. 

In some of the shafts on Tuckahoe creek, as many as five sep- 
arate seams have been struck, of thickness sufficient to justify work- 
ing, and there exist many more of insigniticant dimensions which 
are neglected. There are good local reasons in several parts of the 
coal field on the north side of the river for believing that the seams 
occasionally coalesce, so that two become but one. 

We do not conceive it essential to the objects of the present re- 
port to specify anything more respecting the local details of the 
numerous mines in this coal field, than is requisite to make its im- 
portance and peculiar structure understood. 

On the south side of the James river, an old mine, called the 
River pit, now deserted, contained at the depth of one hundred and 
thirty feet, a seam of coal twenty feet thick, but which, owing to a 
close approach of the granitic floor to the sandstone roof, was so 
reduced in thickness as to be abandoned. 

Upon the east side of the same portion of the basin in Mills’s 
mines, the coal varies rapidly in thickness, from almost nothing to 
upwards of forty feet, and in one place to sixty feet, if we include 
thin bands of the coal shale. In the Midlothian pit the shaft is five 
hundred feet in depth, and the workings are carried to the depth of 
seven hundred feet below the soil. The coal is very variable in 
thickness, being worked at more than thirty feet, and in some places 
it is even thicker. In this mine, as in several of the adjacent ones, 
we have numerous instances of the coal filling up hollows as it were 
in the floor, being accumulated in saucer-shaped basins to the thick- 
ness of forty or fifty feet, and resting in comparatively thin masses 
upon the eminences in the same floor. In some instances, these 
subordinate basins are almost entirely insulated from the rest of the 
coal field, and are presented under features which preclude us from 
supposing that they owe their shape exclusively to the numerous 
faults which intersect the strata. Upon the north side of the 
river, near Tuckahoe, the coal was reached precisely in the centre 
of a small, insulated, cup- shaped depression. The coal, as it’ was 
pursued, was found to rise gently on all sides from the shaft, and 
also to thin away from a thickness of four or five feet to two feet 
toward the edges of this shallow basin, which was several hundred 
feet in diameter, and but. little disturbed from its original nearly 
horizontal position. 

It should be remarked, that while the under surface of the coal 
resting almost in contact with the primary rock, assumes its uneven- 
ness of outline, the upper surface is also affected by similar undu- 
lations, though to much less extent, which only goes to show that — 
the deposition of the coal did not sufficiently fill up the original in- 
equalities upon the floor, to make a perfectly level surface for ae 
reception of deposits which succeeded. 

Of the nature of the dislocations or faults, too little is at onivens 
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known to enable one to generalize or say much upon this truly impor- 

tant topic. The greatest number of pits being upon the eastern bor- 

der of the coal field, it is there that the faults or troubles, as they, 
are generally denominated in this region, are best seen. Along this 

outcrop of the coal, there would seem to extend over a great space 

one or more very remarkable lines of dislocation, throwing up the 

coal to the west by a very heavy fracture, so as to make of the same 

seam a double outcrop, and over a distance of perhaps half a mile, 

bringing the subjacent granite itself again into view. We witness, 

therefore, over a portion of the eastern side of the coal field, two 

parallel ranges. of collieries less than a fourth of a mile asunder, 

The Black Heath mines, the Union mine, and the Deep run pits are- 
said to lie along the outer crop, though it is questionable whether 

one and the same fracture extends over so many miles of strata. 

The probability is, that several nearly parallel fractures will be found 

traversing this side of the region, and tending to the intricacy and 

difficulty of successful mining. In fact, three extensive faults affect 

the strata near the Black Heath mines, the outer one causing the 

upthrow before stated, and the others producing heavy downthrows 

to the west. 

‘It would seem, that transverse to these more important and seri- 
ous fractures, which generally pursue a direction nearly parallel to 
the general line of outcrop of the coal, there are innumerable other 
more trivial breaks and displacements, sometimes straight, but oftener 
irregular in direction and dip, which still further intersect the strata, 
dividing them into a multitude of nearly detached and broken basins. 
An exact knowledge, more particularly of the great longitudinal 
faults, is especially desirable for directing with system the mining 
operations of this coal field. 

There is one general fact of much practical interest disclosed in 

nearly all the principal mines of this whole coal field—It is, that 
the main body of the coal lies either in direct contact with the pri- 
mary rocks, or closely contiguous to them. This furnishes a highly 
important guide, or in fact the only unerring one, in the prose- 
eution of new or intricate workings; for, it suggests the utility of 
making the primary rock the object towards which the mining should 
be pursued whenever a difficulty occurs in regaining the coal dis- 
placed by a fault; for, if we are surrounded by sandstone, we may 
be sure that the chief deposit of the coal is to be reached by pene- 
trating across the strata towards the subjacent granitic floor. 
__ The sandstones being all of them nothing more than the dédris 
of the subjacent primary strata recemented, they resemble them 
occasionally so much as to render it difficult to the inexperienced 
to distinguish the two classes of rock; though the discrimination in 
this case is all important. The aid of a pocket magnifier will detect 
a less angular character in the materials of the sandstones than in 
those of the primary rock. 

The general range or longitudinal direction of the coal field, or 
what is the same thing, the line of bearing of the outcrop of the coal, 
is nearly north-northeast and south-southwest. The structure of the 
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coal field is that of a true but very oblong basin, composed of a thick 
series of variously constituted sandstones superimposed upon two 
or three seams of bituminous coal, themselves resting almost imme- 
diately in contact with the surface of the primary rocks of the sur- 
rounding region. Wherever the eastern boundary of the coal-field 
has been traced, the beds of gneiss, or stratified granite, are seen to 
dip apparently with considerable regularity to the west, or beneath 
the coal, and in like manner upon the opposite or western edge of 
the tract, the same rock is known to have a general dip under the 
coal to the east; suggesting the notion, at first sight, that the strata 
pass horizontally under the middle of the coal field. That this is 
not necessarily the case will appear presently. 

The usual angle of the primary strata to the horizon is about 
twenty-five or thirty degrees. Between the city of Richmond and 
the edge of the coal field at Tuckahoe, pursuing a progress west- 
ward, the dip of the strata for the first several miles is at a gentle 
angle to the east and northeast, varying sometimes to the north. 
Near the coal, the point towards which the strata are dipping is 
more nearly the northwest, or occasionally more west. <A similar 
change of dip is seen in passing over the edges of the strata on the 
eastern side of the coal field upon the Chesterfield side of the river. 
Tracing the dip of the gneiss rock westward, from the western out- 
crop of the coal, we find it to be towards the southeast, or beneath 
the coal field, and this throughout a width of several miles in our 
course west, until we approach the Beaverdam creek; here, for a 
short space, the dip is altered to the west, but the easterly direction 
is after a while resumed, as we approach Goochland Court-House. 
Between five and six miles further on, or in the vicinity of Little 
Lickinghole creek, the dip is over more to the west. These various 
alternations in the position of the strata, are specified for the pur- 
pose of showing how probable it is that the coal strata within the 
basin were originally deposited in a valley formed by the meeting 
of an eastern and western dip; in other words, upon the edges of 
the strata composing a synclinal axis, and not upon a horizontally 
placed stratum of the gneiss rock. The former view will help us 
more naturally to account for the very striking inequalities in the 
thickness of the bed of coal resting nearly in contact with the an- 
cient surface of the primary rock. Had the ancient rocky floor, 
upon which the materials that formed the coal were deposited, been 
the gneiss rock in nearly horizontal stratification, it is hard to con- 
ceive how any subsequent dislocations of the whole group by up- 
throws and downthrows could introduce that remarkable degree of 
unevenness in the thickness of the coal seams over the small areas 
for which this coal field is so peculiar. Everything lends counte- 
nance to the opinion, that the surface of the primary rock, previous 
to the deposition of the carboniferous matter, was a valley of roll- 
ing outlines occupied by hollows and elevations, causing the first 
layers of matter which were thrown down to be deposited in greater 
thickness in some places than in others. As the lowest coal seam is 
separated from the crystalline rock beneath by only a very few feet 
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of shale, and in some cases by none at all, it appears likely that the 
distribution of the coal was made unequal in thickness from the 
very commencement. There is ample proof that subsequently to 
the consolidation of an enormous thickness of sandstone over the 
coal, the entire series of beds, including the underlying primary 
strata, were reft by a number of extensive cracks, producing dis- 
placements of the beds, which combined with the original irregu- 
larity in the distribution of the coal itself, has caused the internal 
structure of this coal field to be one of excessive intricacy. These 
views are stated for the purpose of indicating the necessity of boring 
as the best and surest means of ascertaining the value of particular 
parts of the formation. For it must be plain that the ordinary 
mode of mining, applicable to other coal fields, may be ruinously 
fallacious when applied to this. The intricacy of the faults, and the 
changing thickness of the coal, are features calculated to baffle and 
defy the anticipations of the miner. A profound knowledge of the 
nature and extent of the local disturbances around him, together 
with some general rules applicable to all coal mines, may enable 
him to approximate with considerable accuracy to the depth and 
position at which he is to meet the coal seam, but he can form little 
or no anticipation, from knowing its thickness elsewhere, what its 
thickness will be when he reaches it in the new place. In most 
coal fields he may. The reason of the difference is, that in the pres- 
ent case the coal lies almost immediately contiguous to the undulat- 
ing surface of the primary rocks below, and must partake, especially 
in its lower surface, of the character of the plain upon which it was 
deposited. In most other coal regions the underlying rocks are 
either sandstones, limestones or slates, themselves originally hori- 
zontal deposits furnishing a level floor upon which the carbonifer- 
ous matter would necessarily spread itself in an even sheet. 

What is here said is not intended to throw a damp upon enter- 
prise which is pursuing the developement of this coal field; on the 
other hand, we regard it as one of the most valuable deposits of 
mineral wealth within the area of Virginia. Our duty is by practical 
suggestions derived from the best sources within our reach, to pro- 
mote a sound direction to the enterprise and capital employed upon 
the mineral resources of the state—to teach caution where neces- 
sary, but not to discourage. 

The very fine qualities of the coal in this coal field, both for 
domestic uses and manufacturing purposes, together with the very 
enormous thickness of the deposit in many of the mines where it 
is pursued, hold out an ample guarantee, that if prosecuted upon a 
correct conception of its internal structure, it must always prove a 
profitable region to the quarter of the state in which it lies. 

There is one suggestion which we venture strenuously to enforce— 
the great importance of preserving specimens of the various layers 
of rock penetrated by the shafts which are sunk from time to time, 
or in any borings that may be made. The rocks resting above the 
coal are less liable to be affected by local variations than the coal 
itself, for reasons previously explained—and most important infer- 
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ences might be drawn as to the depth of the coal, by comparing the 
rocks as they are crossed in succession with sets of specimens of the 
same collected from the adjoining mines. Data will thus be rapidly 
accumulated, from which we shall one day be able to infer much 
better than at present, the extent of certain faults or downthrows, 
the nature of which can as yet be only imperfectly understood from 
the evidences produced in the workings of the mines. Nor is it 
too much to anticipate being able to compute from information thus 
derived, the depth from the surface of the coal in some places in the 
interior of the basin. 

To show the constancy of certain layers of rock in particular 
districts, and their importance as a guide in particular situations, we 
may adduce a case given by Professor Phillips of a band of fossil- 
iferous rock subordinate to a coal field in England. Speaking of a 
certain seam in the Yorkshire coal field, generally not much more 
than sixteen inches in thickness, and traceable from near Leeds to 
the west of Sheffield, it is stated, ‘‘ That it would have been impos- 
sible to have traced so thin a seam of coal along so extensive a range, 
without some peculiar facilities, some points of reference more dis- 
tinct than the varying quality of the coal, and the still more irregu- 
lar fluctuations of the sandstones and shales. This coal seam is 
covered by a ‘roof’ unlike that of any coal bed above the mountain 
limestone in the British Islands ; for, instead of containing only the 
remains of plants or fresh water shells, it is filled with a consider- 
able diversity of marine shells belonging to the genera Pecten and 
Ammonites, and in one locality, specimens of Orthoceras. The 
uniform occurrence of these Pectens and Ammonites through so 
wide a range, over one particular thin bed of coal, and in no other 
part of the coal strata, is one of the most curious phenomena yet 
observed concerning the distribution of organic remains, and will 
undoubtedly be found of the highest importance in all inferences 
concerning the circumstances which attended the production of 
coal.” 

We may gather from this the importance of inspecting the sand- 
stones for fossil remains, should any exist. 

The mining shafts hitherto sunk in this region, have been con- 
fined exclusively to the vicinity of the eastern and western outcrops, 
from an apprehension, that more in the interior of the basin, the 
coal reposes too far from the surface to be readily reached. By fol- 
lowing the banks of the James river, above the mouth of Tuckahoe 
creek, it will be seen that the coal measures, — that is to say, the sand- 
stones,—overlying the coal, after dipping throughout some distance 
at a moderate inclination to the northwest, become gradually almost 
horizontal, and continue so over much of the middle space between 
the eastern and western boundaries of the basin. This, certainly, 
implies the absence of any heavy dislocations affecting the middle 
tracts of the coal field, and is one feature calculated to support the 
notion of boring for coal in that quarter. From what has been 
said respecting the probability of an undulating surface in the sub- 
jacent gneiss or granitic rock, and of the faults which intersect the 
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region, it becomes by no means improbable, that the coal in the cen- 
tre of the basin will be found, in some places at least, sufficiently 
adjacent to the surface to admit of being profitably mined. Gen- 
eral analogy would lead us to look for accumulations of coal in that 
quarter, if not thicker, at all events as thick, as can be seen near to 
either outcrop. But the resources of the middle portions of the 
coal field can only be imperfectly guessed at, until there has been 
gathered a much larger mass of minute information from the bor- 
ders of the region. We do not yet know anything definite regard- 
ing many portions of the limits of the basin, more especially the 
western outcrop—and there is moreover much to do in following 
the coal where it is already tolerably well known. 

The deepest shaft, that of the Midlothian mine in Chesterfield, is 
five hundred feet to the coal; and the workings connected with the 
same mine, in consequence of some very heavy downthrows to the. 
west, penetrate to the depth of seven hundred feet below the sur- 
face. There is some reason to believe, that still farther from the 
outcrop, there will be found an upthrow, bringing the coal once 
more nearer to the soil. It is possible that a shaft one thousand 
feet deep, would reach the coal in several places in the interior of . 
the coal field. 

In addition to the invaluable deposit above described, coal veins 
have been discovered in Prince Edward and Cumberland counties— 
and the rocks accompanying this mineral are known to extend over 
a wide area in this portion of the state. Their thickness compared 
with those of the coal fields previously described is, however, not 
considerable—and the seams of coal which have been met with, 
though containing a very excellent material, are on a comparatively 
limited scale. The probable extent of coal in this district, appears 
as yet undetermined, and will remain so until an examination of this 
portion of the state has been carefully and minutely made. The 
discovery of coal within a small distance of the base of Willis’s 
mountain, recently said to have been made, derives peculiar interest 
from the fact of the existence, in the same vicinity, of hematite and 
magnetic iron ores in great abundance. 


SANDSTONES OVERLYING THE PrimMArRY Rooks ALONG THEIR EAstT- 
ERN BounDARY. 


Sandstones of various degrees of coarseness are found in many 
places along the eastern outcrop of the primary rocks, and extending 
for some distance below the head of tide. On the Rappahannock, 
in the vicinity of Fredericksburg, considerable exposures of these 
rocks are seen, the strata lying nearly in a horizontal direction upon 
the edges of the primary rocks beneath. At Falmouth, the two are 
seen in contact; the latter forming the bed of the river, and the 
former resting horizontally upon them. At the head of the Pamun- 
key, the same rocks appear, dipping with some steepness to the 
east; they are again met with, gently inclining in the same direc- 
tion, a short distance below Richmond, and also in the neighbor- 
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hood of Petersburg, and at several points in Chesterfield county. 
Further south they occur in the upper part of Greensville, and over 
a considerable portion of the county of Brunswick, and as is be- 
lieved, in portions of the adjoining counties. 

In composition they are merely a mixture of quartz and feldspar, 
in rather loose cohesion—the feldspar often decaying rapidly on ex- 
posure. In some varieties, the rounded pebbles are not larger than 
birdshot; in others, they attain a diameter of many inches. In 
certain localities, the sandstone has a fine close texture, suiting it 
for various useful purposes, and is employed to a considerable extent 
in building. The quarries in the neighborhood of Fredericksburg 
and Acquia creek present beds of great thickness of a homogeneous 
rock of this description, of which extensive use has been made in 
some of the public edifices in Washington, Richmond, and else- 
where. In the superior portion of these beds, lignites, silicified 
wood, and vegetable impressions, are frequently to be seen—all of 
which contribute to render the examination of these deposits a sub- 
ject of much curious interest to science. Whether these sandstones 
be in reality cotemporaries of the analogous, though somewhat | 
differing rocks of the coal measures of Eastern Virginia, impressed 
with peculiarities as to texture and included fossils by some circum- 
stance of position and exposure in the progress of their deposition— 
or whether, as has been maintained, they are in fact of a decidedly 
more recent origin, are points only resolvable by cautious and dili- 
gent investigation. 

In connection with these sandstones and the rocks of the coal 
measures, there occur in several places beds of earth sometimes hav- 
ing nearly the firmness of a soft rock, containing a considerable 
proportion of calcareous matter. In Prince Edward, where their 
existence was first particularly remarked by Dr. Morton, these clays 
and semi-rocks are occasionally so liberally impregnated with this 
substance as to furnish a strong and valuable marl. At other 
points, a mixture of carbonate of lime and carbonate of magnesia is 
found in beds of considerable extent, and having a texture similar 
to the materials above described. According to an analysis of a 
specimen of this substance from Bear Island, it consists, in sixty 
grains, of— 3 
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The occurrence, in many parts of this region, of clays and rocks 
thus abounding in calcareous matter, is certainly to be looked upon 
as a happy circumstance. Those interested in availing themselves 
of the fact, should have no difficulty in the application of these sub- 
stances in the raw, or if necessary, in the calcined condition ; for, 
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even should they generally contain any notable proportion of mag- 
nesia, the more enlightened experience of the present day would 
seem to shew that the presence of that earth is rather favorable 
than injurious when associated with lime, and in some cases almost 
equal in efficacy to calcareous matter itself. 

There is moreover another economical aspect in which this 
material may be regarded. From the large proportion of magnesia 
it contains, it would furnish an admirable resource for the manufac- 
ture of that earth in the state of pure carbonate, or what is at pres- 
ent an object of much more extensive commerce, I mean the sul- 


phate of magnesia, or epsom salts. 


Or THE Primary Rocks. 


As already stated, the extent of this portion of the state is not 
accurately known. Its eastern limit coincides in general with a 
transverse line crossing our principal rivers at their lowest falls. 
Various species of gneiss rocks and granite are exposed at these 
points, some of which are beginning to be known for their valuable 
qualities as a material for building. At Richmond these strata 
occur in heavy beds inclining at various angles to the east, and are 
well exposed along the canal for some distance above the city. The 
rock at Richmond is a grayish white gneiss of great density, and of 
such a degree of hardness and toughness combined as to impart the 
double advantage of durability and facility of being wrought. Its 
predominant constituents are feldspar and quartz. Dark mica is 
sparsely distributed through it, so that its prevailing colour is alight 
grey. It is in consequence of its large proportion of feldspar that 
the rock in many places is observed to be decayed to so great a 
depth below its original surface. Those varieties will be found 
most durable for architectural purposes in which this excess of feld- 
spar does not exist. At the falls of the Appomattox near Peters- 
burg, we find a well characterized variety of granite. It possesses 
a coarse crystalline structure, and consists of yellowish white feld- 
spar in distinct crystals, with a smaller proportion of quartz, and a 
trivial amount of white or light coloured mica. Other varieties of a 
more compact and fine texture occur in the same neighbourhood. 
At some distance further west, in general the rock is a gneiss, con- 
taining a much larger proportion of mica. In the upper part of 
Goochland, and the other counties at corresponding distances above 
the falls, gneiss of a more compact texture prevails. A quarry of 
this at Columbia furnishes an admirable building material. Its 
texture is nearly that of a compact sandstone, and it is colored of 
various shades of grey from the scales of black mica which it con- 
tains. A gneiss of a very peculiar description occurs in Willis’s 
mountain, Buckingham, associated with several interesting min- 
erals. The rock is generally of a rich pink or purple, owing to a 
large proportion of oxide of iron disseminated through it, causing 
it moreover to be very ponderous. The mica and augite, which . 
appear to be large components of the mass, give it a very brilliant 
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aspect, especially when recently fractured. It is sometimes studded 
with minute cells, containing hematitic oxide of iron. Nearly the 
whole of the principal peak of the mountain is made up of this 
beautiful rock, which, rising in the form of a wedge to the height of 
several hundred feet, presents a narrow wall of nearly vertical strata 
along the summit. The dip is west, and the fragments which have 
tumbled to the eastern base have rendered this the easiest direction 
of ascent. From its hardness, and the indestructible nature of its 
materials, this gneiss will some day possess a value independent of 
that founded uponits colour, which will bring it into use as an article 
for building. At the base of the mountain schorl occurs in great 
abundance, crystallized in long prisms in quartz. Asbestus and 
kyanite are also found together, with several other minerals chiefly 
interesting in a scientific point of view. 

Westward of this belt of gneiss the rocks assume various inter- 
inediate characters, until at Jength the truly crystalline structure is 
lost, and numerous forms of slate of very peculiar and equivocal 
features make their appearance. At what precise points the rocks 
of unequivocally primary character terminate, future researches 
must ascertain. 

In pursuing the line selected for the accompanying profile, the 
gneiss which is found dipping east for some distance beyond the 
western edge of the bituminous coal formation, assumes a western 
dip which it again changes for an eastern one, after which another 
change occurs, and the western dip now continuesto the neighbour- 
hood of Columbia. Between this point and Bremo, the rocks become — 
vertical, and further west the dip continues with scarcely any ex- 
ception, easterly, but very steep as far as the Southwest mountain, 
and even in many lines almost without alteration, to the western 
base of the Blue Ridge. 

The soils of the primary region, except where the rocks accom- 
panying the coal exist, are remarked for the quantity of clay, often 
of a very ferruginous character, which they contain. ‘The feldspar, 
which, as already remarked, enters largely into the composition of 
our gneiss and granite, is in some of its forms peculiarly liable to 
undergo a decomposition by exposure to the atmosphere. The alkali 
contained in it is gradually dissolved out, and the clay and silica, its 
other constituents, fall to powder, and thus furnish the materials for 
soil. At the same time, the quartz and mica, no longer cemented 
by the interposed feldspar, also separate and mingle with the gen- 
eral mass of clay or sand. The hornblende, possessing much oxide 
of iron and some lime, produces when decomposed, a deep red 
earth, which, in virtue of its composition, is generally found pro- 
ductive. 

In accounting for the highly ferruginous soils presented in many 
places in this district, as at Beaverdam in Goochland, it might at 
first view appear most plausible to regard them as the product of 
disintegrated hornblende, derived from the subjacent strata, and 
certainly in some localitiesthe colour and qualities of the soil may be 
justly referred to this origin. But there are numerous instances in 
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which the superficial earth or clay is very deeply tinged, while no 
rock of this description exists in the neighborhood. Even overlying 
the sandstone of the coal measures, where the occurrence of this 
mineral would be next to impossible, soil of a deep ferruginous as- 
pect frequently presents itself. Moreover, in general this red soil 
forms merely a superficial stratum, often only a few inches in thick- 
ness, while the earth beneath, the obvious product of the decompos- 
ing gneiss or granite, has a white or grey colour, and scarcely any 
mixture of the tint which prevails on the surface. In all these cases 
we must look for the source of the red soil in the extensive region 
to the west, where nearly all the rocks give rise to it by decomposi- 
tion, and we must regard it as having been transported to the spot 
on which it now rests, by some of those sweeping diluvial currents 
whose action is otherwise attested by evidences of a conclusive 
character. 

The soils containing isinglass or mica, as well as those abounding 
in the clays derived from the decomposition of feldspar, though in 
their natural state rather deficient in productiveness, have generally 
been found to receive great benefit from the application of lime and 
calcareous manures; and the district in question may reap great 
advantage from an application of either. Its vicinity to the Eocene 
shell and green sand marls, as already indicated, is likely at some 
not remote day, to prove eminently beneficial to its agriculture, and 
it were to be wished that the farmers who are interested in its im- 
provement would promptly take advantage of such facilities of 
transportation as are likely soon to offer, for the purpose of availing 
themselves of the resources which nature has placed so completely 
Within their reach. 

In the neighborhood of rocks where the feldspar is compara- 
tively abundant, the disintegrating process gives rise to a clay of a 
pure whitecolour, and almostimpalpable texture. This is the Haolin 
of the Chinese, one of the essential ingredients in the composition . 
of Porcelain. Numerous rich deposits of it are to be found in this 
portion of the state. In Goochland, an extensive bed of this earth 
has lately been discovered on the estate of Mr. Triplett. Its colour 
is a dull white. Between the fingers it has the smoothness of the 
finest flour, and with the exception of a few scattered grains of silex, 
the whole mass is a perfectly impalpable powder. 

By a careful analysis of some of this earth, I find its composition 
to be as follows: 
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In numerous places in Goochland, Cumberland, Buckingham, 
and other counties similarly situated, the Porcelain earth occurs in 
extensive beds, and in many cases in as available a condition as 
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above described.. This fact, taken in connection with the known 
existence of feldspar in the same region, points to the probable in- 
troduction at no distant day, of an important branch of manufac- 
ture in the state.—lI allude to the fabrication of the finer description 
of china or Porcelain, in which such excellence has already been at- 
tained by the employment of similar materials in Pennsylvania. 

The region on the western borders of that which we have been 
describing is marked by the occurrence of talcose and argillaceous 
slates, micaceous and garnet slates, chlorite slates, steaschist, various 
modified rocks, and numerous veins of auriferous quartz. The pre- 
cise nature of many of the rocks occurring in this, which for the 
sake of distinction, may be called the gold region, cannot be deter- 
mined without close and persevering attention. 


Or tHE AvrRIFEROUS Rooks. 


A general examination of this district suggests a variety of prob- 
lems of a scientific as well as practical nature, which it would be 
premature at this time to attempt to resolve. The number and ex- 
tent of the quartz veins is one of the most interesting as well as im- 
portant features in the geology of this region, and it is greatly to be 
desired that minute observation be directed to the tracing of these 
veins through the state as far as practicable; to the determination 
of the general value of each vein now wrought, as well as the study 
of the efficacy of the various processes adopted for the purpose of 
separating the gold from the materials with which it is intermixed. 
There can be no doubt, that with the means now most commonly 
in use, a large proportion of the precious metal is lost and thrown 
out with the gravel from which only the larger masses of the go!d 
have been separated. At one of the mines visited during the recon- 
noissance, the sand and gravel, after having been twice subjected to 
the usual process of washing, were found sufficiently productive to 
yield five dollars a day to each of the two persons who were wash- 
ing it a third time. In some of the mines, more scientific and effect- 
ual means, both of conducting the mining operations and the sub- 
sequent process for separating the gold, have been introduced, and 
when these improvements shall have become more generally known, 
we may hope for much more profitable returns than in many in- 
stances have been hitherto obtained. The amazing richness of many 
of these veins has attracted enterprise to this branch of mining to 
such an extent, that the exploration of the most promising auriferous 
veins has of late been very actively and snecessfully pursued. 

In Spotsylvania and the adjacent counties, Orange, Louisa, Fluy- 
anna, and Buckingham, numerous veins have been wrought for 
some time, from many of which rich returns have been procured, 
and under improved modes of: operation a still larger profit may be 
expected. Any detailed account of the various workings now in 
progress would be inappropriate in the present report, even if the 
state of our knowledge were such as to warrant statements of a 
positive nature. Some account of the structure, position and con- 
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tents of the veins may be introduced as generally applicable to the 
whole. 

The material of the veins is a variegated quartz, sometimes trans- 
lucent, at others opaque. It is generally of a cellular structure, 
fractures without much difficulty, and in many instances contains a 
considerable proportion of water dispersed through its substance. 
Its surface, recently exposed, displays a variety of tints of brown, 
purple and yellow, of such peculiar aspect as to resemble a thin 
lacquer spread unequally over the ruck. The cavities are often filled 
with a bright yellow ochre, or hydrated peroxide of iron, which 
generally contains gold in a state of minute division. Sulphuret of 
iron (Pyrites) is another accompanying mineral, which in many 
mines occurs in considerable quantities. At Morton’s mine, (Buck- 
ingham,) it is peculiarly abundant, and there, as in other places, gen- 
erally contains a portion of combined gold. In the Union mine, 
near the Rappahannock, some of the auriferous veins consist largely 

- of the Pyrites, which here contains so much of the precious metal 
as to render the extraction of it a matter of profit. This Pyrites, in 
all probability, was at some former period more generally diffused 
throughout all the auriferous veins, and by its decomposition gave 
rise to the peroxide of iron, with which the quartz is always more 
or less imbued, while the gold existing in it was deposited in the 
cells and fissures of the quartz. Silver is occasionally found in con- 
nection with the gold, and the sulphurets of copper and lead have 
been discovered in a few instances in the auriferous rock. 

The rocks forming the boundaries of the auriferous veins vary 
very much in different localities. Talcose slate, chlorite slate, and 
a variety of these abounding in garnets, are the most usual. They 
are commonly of a soft texture, yielding readily to the blast, and 
even to the pick or spade sometimes. Instances occur, however, 
in which the walls of the vein are of such hardness as to greatly 
increase the expense and difficulty of procuring the ore. Of this 
a striking example is exhibited at Morton’s mine, where the rock 
is removed with difficulty even by the blasting process, while at 
Booker’s and some other mines its texture is so rotten that it rather 
presents the appearance of earth than rock. Veins like the latter, 
under favorable circumstances, would give rise to what are technically 
called deposit mines, in other words, collections of clay and sand and 
gravel, enclosing a portion of gold, all which materials have been 
removed by the action of torrents or streams from their original 
“position in the vein, to some adjacent ravine or hollow, in which 
they have been quietly deposited. The rocks adjacent to the quartz 
are often auriferous, and in some instances have been found as pro- 
ductive as the quartz itself. Of this, several striking instances occur 
in the mines of Buckingham; and I believe that in many other 
localities the same condition would be found to exist. 

It has already been stated that nearly all the rocks of this region 
dip steeply to the east, and it is found that the auriferous quartz 
veins conform in the main to the inclination of the enclosing strata. 
The quartz is not, however, to be regarded as an interstratified por- 
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tion of the series, which would imply its cotemporaneous origin 
with the strata. 

The form and position of the veins are rarely such as to justify 
this view. Instead of lying in uniform thickness between the walls 
of the adjacent rock, and with surfaces of slight irregularity, we 
find the auriferous veins in most cases very irregular in their forms: 
at one point having a thickness of several feet; at another very near 
to the former, contracting so as only to measure a few inches across. 
Again, in many cases the vein divides, and the separate portions 
afterwards unite or send off other branches. 

The bounding surfaces too, instead of being nearly uniform, as 
in the strata of the neighboring rocks, are rough and broken, send- 
ing off numerous small veins of quartz into the enclosing strata. 

In Morton’s mines, the width varies from seven feet to five or 
six inches. In Booker’s the vein forks, thins, and as frequently 
widens. At the Union mines on the Rappahannock, the breadth 
varies in some cases from six inches to nearly three feet. 

In fact, from the dimensions of the vein at any assumed point, 
no certain inference can be drawn with regard to its extent at other 
and remote positions. This irregular structure, while it diminishes 
confidence in the constancy of a large and fertile vein, at the same 
time furnishes grounds for continuing the examination and prosecu- 
tion of one, which by its contraction -has become of little or no 
value, as an enlargement at a small depth beneath, may reveal an 
abundance of productive rock. 

Another fact of some practical importance, and one which, to- 
gether with those above stated, has a direct bearing upon the ques- 
tion of the origin of the auriferous veins, is this, that although in 
the main, the dip and direction of the vein conforms with those 
of the enclosing strata, the correspondence is far from being exact, 
and in many instances, while the inclination of the neighboring 
strata remains unchanged, that of the vein undergoes very striking 
alteration. At Morton’s mine, already referred to, the dip near the 
surface is about twenty degrees, while, at some depth beneath it 
becomes forty-five degrees; and similar instances of variation might 
be adduced by reference to other localities. 

It would thus appear, that these numerous veins of quartz are 
not to be regarded as deposits coeval with the regularly stratified 
rocks among which they are found, since in that case their position 
and structure would exhibit a like degree of uniformity, but as 
matter which, subsequent to the production of the neighboring 
rocks, was forcibly injected between them by igneous agencies from 
beneath, rising in the directions of least resistance, and therefore, 
generally, though by no means uniformly, following the plains of 
stratification of the rocks through which they passed. Instead, 
therefore, of considering them as beds like the adjoining strata, as 
some writers have done, we would incline to class them among VEINS 
of injection, of which numerous instances occur in other parts of 
the globe. We are the more persuaded of the correctness of this 
view of their origin, from the consideration that throughout all the 
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region in which the quartz veins are found, very peculiar modifica- . 
tions in the structure and composition of the surrounding rocks are 
invariably to be observed—modifications for which no adequate 
- cause can be found in the other igneous rocks which occasionally 
occur. In the Blue Ridge, the Southwest mountain, and in numer- 
ous other lines, it may always beremarked, that wherever the modi- 
fied rocks occur, indicating an igneous action, more or less intense, 
which has wrought a change in their structure, and induced new 
arrangements of the ingredients of the rocks, heavy veins of quartz 
are sure to lie in their immediate vicinity ; while through the body 
of the rocks themselves, countless minute veins of the same mate- 
rial are seen diverging from the principal mass, and imparting vari- 
ous metamorphic characters to the substances with which they are 
in contact. 

Besides the auriferous veins of the region in which gold occurs, 
there exist many other veins of quartz agreeing with those which 
have been found productive in nearly all particulars, save that of 
containing a valuable proportion of the precious metal. It is highly 
probable that none of these veins are entirely destitute of gold, and 
in many instances no doubt the prosecution of the vein would lead 
to the discovery at other points of it, of an ore sufficiently rich to 
reward the labor of the extraction. Indeed, it must be looked upon 
as probable that the auriferous character more or less pervades the 
quartz veins generally, even as far as their western limit in the Blue 
Ridge. The striking similarity in the character of them all, and the 
obvious cotemporaneousness of their origin, would seem to give 
great plausibility to this opinion; and if we are to credit the state- 
ments of the discovery of gold in the western part of Albemarle, 
and at one or two points equally remote from the gold region, as 
usually defined, we can no longer doubt the propriety of regarding 
the Blue Ridge as the proper western boundary of the auriferous 
rocks. A careful investigation of the numerous large quartz veins 
ranging along the valley between the Southwest mountain and the 
Blue Ridge, becomes in this point of view a matter of great import- 
ance; and should the auriferous character be found pervading these 
veins, as is not improbably the fact, the extent and value of the gold 
region of the state will scarcely have a parallel upon the globe. 


Or tHE Mioaceous aNp Garnet Srates, Siricrious SLATE, WuHert- 
STONE Beps, Roorine Snare, Sreascuist, Iron Ore, ETO., OF 
THE REGION WEST OF THE GNEISS. 


In pursuing the line indicated in the section, after leaving the 
gneiss and hornblende slate, which extend some distance above Co: 
lumbia on both sides of the James river, the rocks met with are 
chiefly various kinds of slates and schists, penetrated occasionally by 
the veins of auriferous quartz already described, and furnishing mate- 
rials for building and other uses. Analogous beds are also met with 
in the regions northeast and southwest of that here referred to— 
ranging through the state in a belt comprehending what is usually 
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termed the gold region, and bounded on its western side by the nar- 
row belt of limestone lying east of the base of the Southwest moun- 
tain. The descriptions about to be given of these various rocks and 
other materials, though founded upon an examination of them as 
they occur in Buckingham, Fluvanna, Louisa, and one or two other 
counties in the range, will obviously be applicable, with some modi- 
fications, to the corresponding beds occurring in other portions of 
the same belt. 


Micaceous GARNET SLATE OR Birp’s-EYE MAPLE SLATE. 


After leaving the gneiss and hornblende slate a little below Bre- 
mo, we come upon heavy vertical beds of a Micaceous slate, in which 
are multitudes of half developed garnets, and sometimes crystals of 
cubical pyrites—giving to the surface of the rock the appearance of 
numerous knots, around which the fibres of the stone are beautiful- 
ly curved, so as closely to resemble the shading of the bird’s-eye 
maple; and hence, in the absence of any specific designation, the 
one above used may be considered as appropriate, at least for ordi- 
nary purposes. This rock has the lustre and color of plumbago, and 
evidently contains much mica. It possesses considerable hardness, 
and may be separated in the quarry in large regular masses—and 
hence for slabs, pavements, and general building use, may be advan- 
tageously employed. At the Buckingham iron works it has been 
used in the furnace stack, and has been found to answer well. 

The silicious micaceous slate occurs a little west of the former, 
and has a sensible dip to the east, though almost vertical. This 
rock is of a light, yellowish brown color, contains a small proportion 
or mica, some feldspar, and a large amount of silex, apparently in 
grains; and in fact, at first view, presents the aspect of some sand- 
stones, though probably more nearly allied to the mica slates than 
any other known rocks. It may be quarried out in long rectangular 
prisms, with surfaces nearly as smooth as if formed by the chisel, 
and from its hardness and durability under exposure, is to be looked 
upon as a valuable rock. When intensely heated it becomes glazed 
on the surface, and is used for the floor of the iron furnace at New 
Canton. 

Associated with these beds is ene containing crystallized garnets 
in great numbers, and sometimes of exceeding beauty. This rock 
often contains much chlorite, and presents a general greenish aspect. 
Large quantities of it have been quarried in building the dam at 
New Canton, and a portion peculiarly abundant in the garnets, has 
recently been introduced in the furnace as an auxiliary flux—-the 
large proportion of lime contained in the garnets fitting the rock 
peculiarly for this purpose, while at the same time it yields a con- 
siderable amount of iron. 

The whetstone beds, which occur among the siliceous and other 
slates, also furnish a material of high value. The texture of this 
stone is exceedingly close and fine; it possesses a proper degree of 
hardness and great permanency under atmospheric exposure. Its 
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apparently fibrous structure, and the long shape of the masses which 
are separated in the quarry, give it the appearance of a log of 
wood, partially decayed. The trial of its qualities as a whetstone, 
made in Fluvanna, Rockbridge, and the neighboring counties, amply 
demonstrates its excellence for this purpose, and in some instances, 
experienced mechanics have evinced their sense of its superior value 
by laying aside the Turkey oilstone, and substituting this in its place. 

One of the most interesting and valuable of the slaty rocks of 
this region is the roofing slate which occurs in a thick bed west of the 
strata which have just been described. This makes its appearance 
on both sides of the James river, dipping east at an angle of about 
eighty degrees with the horizon. In Buckingham the bed is largely 
exposed in the neighbourhood of New Canton on Slate river, and 
the quarry at present wrought by the enterprising owner, Mr. Sims, 
yields a material which will bear comparison with the better quali- 
ties of the imported roofing slate. In texture, density and capacity 
of resisting atmospheric agents, it can scarcely be excelled by a 
similar material in any part of the world. This quarry was first 
opened to procure slate for roofing the capitol; and notwithstand- 
ing it has been thus long known, and its value established, but little 
further use has been made of it, until the activity of the present 
proprietor has again brought it into notice. The buildings of the - 
University will soon be furnished with a complete covering of slate 
from this quarry. The bed of slate wrought by Mr. Sims has an 
average breadth of sixty yards. The rock splits with great regu- 
larity, presenting a smooth surface, and having such strength and 
flexibility as to admit of being separated, by iron wedges, into sheets 
of one hundred square feet, and not more than an inch in thickness. 
There are many other places in the neighbourhood from which slate 
of the same kind may be procured, and several small quarries have 
been opened. Increased facility and cheapness in transporting this 
valuable article to Richmond and the seaboard, will, no doubt, at 
some early day, bring it into extensive use in our principal towns in 
that direction, and will render the quarrying and preparation of it 
a profitable business. During the last year, Mr. Sims brought into 
a state for the market, six hundred squares of this slate, at twelve 
dollars per square; and this with but few hands and very imperfect 
arrangements. 

The steaschist or soapstone which occurs west of the slate, and 
may be seen near the mouth of Hardware river, both in Fluvanna 
and Buckingham, though not as valuable as other beds of a some- 
what similar description, to be hereafter described, is nevertheless 
capable of being very usefully employed. In hearths, jambs and 
other parts about the chimney, it is found to possess useful quali- 
ties, and its texture is such as not only to render it easy of separa- 
tion in the quarry, but also to make it readily wrought under the 
chisel. At bremo it has already been brought into use. 

Several veins or beds of tron ore exist in Buckingham in the re- 
gion of the gold veins and slates, and ore of similar description 
makes its appearance in Fluvanna, Louisa, etc. In the former county 
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indications of this deposit have been distinctly traced throughout a 
line of seven miles, and the proprietors of the furnace at New Can- 
ton have assured themselves of its continuity for two miles. West 
of the principal vein is another at the distance of one hundred 
yards: a vein of friable slate dipping east occupying the interval. 
In the first or principal bed a continuous mass of ore has been 
uncovered, whose length is about sixty feet, and average breadth 
fifteen. As yet no certain opinion exists as to the depth to which 
-it reaches below the surface. This ore is generally embedded in a 
brownish yellow ferruginous clay, and fragments lie scattered over 
the surface in the neighbourhood of the bed. Througl a long but 
narrow belt in Louisa, Fluvanna and Buckingham, and in fact 
throughout the whole length of the gold region, so called, these sur- 
face indications may be traced. The ore is a hematite, in irregular 
masses, sometimes cellular and frequently mammillary. The cells 
often contain acicular white crystals of great lustre. The colour of 
the ore varies from a yellowish to a blackish brown. Its hard- 
ness in different localities also differs, and in the immense mass 
above described, is such as to render blasting necessary. There 
is some difference as to the proportion of oxide of iron contained 
in the ore from the two veins near New Canton, and a mixture 
of both varieties of ore has been advantageously used in the fur- 
nace now in successful operation. As early as the revolutionary war 
iron was manufactured from the Buckingham ore, but until recently 
this valuable resource has been almost entirely neglected. The 
limestone on the western edge of the county furnishes the flux em- 
ployed in the smelting of this ore, which, under the superintendence 
of Mr. Dean of New Canton, is now conducted on a seale of such 
extent as to give a weekly product of between thirty and forty tons 
of pig metal, much of which is of a superior quality. Ore of pre- 
cisely the same description is found likewise in the gold region 
above Fredericksburg, and as in the present instance, in the vicinity 
of the garnet slate. From the curious association of this ore with 
the auriferous rocks, it might be expected that in the operations of 
the furnace a portion of the precious metal would occasionally ap- 
pear, and accordingly it has been discovered in fine specks in the 
cinder of the Buckingham works. Magnetic iron ore of a very valu- 
able quality occurs at the base of Willis’s mountain in Buckingham, 
and is found at several other places in corresponding positions. 


Or THE LimEesTONE AND MARBLE EAST OF THE SoUTHWES!I AND 
GREEN MouNTAINS. 


This belt of rock, represented on the profile as it occurs on the 
Mechunk creek, and in several other places, may be traced with 
but little interruption through several counties lying in the range 
there indicated. In proceeding south it appears to become broader, 
and to be subdivided into several ledges, presenting various aspects 
in different localities. Wherever examined it has been observed to 
have an eastern dip, in some places steep, in others gentle. In Al- 
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bemerle county and at Warminster, its structure approaches to 
slaty, and its general colour is bluish grey, frequently veined with 
white crystallized calcareous spar. On the Mechunk it lies on 
slate often of a talcose nature, and its position is such as to render 
the labour of quarrying comparatively small. At Warminster it is 
also associated with a talcose schist and a white silicious rock of fine 
grain and considerable hardness, which has often been mistaken for 
marble. Along the banks of the James river, from this point to the 
neighbourhood of Lynchburg, cliffs of the limestone from time to 
time are seen, sometimes presenting enormous masses of the rock, 
immediately on the water’s edge. The breadth of the belt exposed 
in this direction is obviously much greater than farther north, and 
the character of the rock in some localities is such as to render it 
of the highest value. Near the mouth of Tye river and on the 
Rockfish, a true marble is found of beautiful whiteness, and of a 
texture which renders it susceptible of a fine polish, as well as of 
being readily wrought by the chisel. A few miles from Lynchburg, 
in Campbell county, a good marble is likewise found, and limestone 
is abundant in the same neighbourhood. A white and very ponderous 
rock occurs in contact with the calcareous stratum. This is sulphate 
of Baryta, which from its texture and colour has by some been 
supposed to be marble. Jarther south these beds of limestone of 
various qualities are known to occur, but have as yet been little 
examined. The probability is that they are continued throughout 
the state in the same general line, perhaps spreading out in ap- 
proaching the borders of North Carolina. In Bedford county, at a 
point considerably west of the general direction of this belt, marble 
is said to exist, but no specimen has been procured in the reconnois- 
sance. Minute investigation of the region indicated by the localities 
above mentioned, and extending entirely across the state, would in 
ail likelihood be fraught with valuable results. Leaving out of view 
the marbles to which we have already referred, the beds of lime- 
stone existing in this district of the state furnish a resource whose 
value to the agriculture of a wide tract of country it is beyond 
our power to calculate. Every bed of limestone developed in such 
an examination ought to become a source of agricultural improve- 
ment to an extensive neighbourhood; and were our farmers once 
properly impressed with the value of calcareous matter as a manure, 
especially on the soils of the region now in question, an earnest zeal 
in the discovery and use of these resources would quickly become 
general, and an important district of the state would be rescued from 
unprofitable and disheartening cultivation. Lying adjacent to the 
' slaty and micaceous soils east of the South-west mountain and its 
prolongation, this belt of limestone furnishes the very material by 
which under judicious management they may be redeemed from 
comparative sterility. In Orange, Albemarle, Louisa, Fluvanna, 
Buckingham, ete., the application of lime procured from this source 
might with proper arrangements, and the increased facilities which 
are likely to be afforded to transportation, be made to effect an en- 
tire revolution in the agriculture of the country—and even in Gooch- 
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land and other counties comparatively remote, similar benefits might 
be secured at a small additional expense. It is perhaps not gener- 
ally understood that the slaty and micaceous (or isinglass) soils, such 
as prevail in the districts referred to, are known to be peculiarly 
susceptible of improvement from judicious liming. The experience 
of farmers in Maryland and Pennsylvania has amply shown that this 
is the case—in those states soils thus characterized are limed to a 
large extent, and always with the most decided benefit. Experi- 
ments made in Albemarle and other places with the lime procured 
from the limestone beds of which we are now speaking, have dem- 
onstrated its value upon the slaty soils in the vicinity, and nothing 
is wanted to diffuse these benefits extensively through the surround- 
ing country, but a just appreciation of the utility of liming, the in- 
troduction of economical and efficient modes of burning the lime- 
stone, and the selection of such quarries as from the nature of the 
rock, are calculated to yield a product containing the largest quan- 
tity of lime. 

A mistaken impression has prevailed, that this limestone always 
yields a comparatively poor lime ; and to this may in part be ascribed 
the little use which has Leretofore been inade of it, either in agri- 
culture or building. 

It will be seen by the following statement of results of analysis, 
that the amount of carbonate of lime present in these limestones, 
is in some cases large, and that in no instance can the lime be re- 
garded as a poor one. I have annexed a column, showing the pro- 
portion of lime corresponding to 100 parts of the limestone: 


Carb. Lime. Lime. 


100 of blue slaty limestone, Warminster .. 81.4 45.5 
100 of blue with white veins, ~ . 88.4 49.5 
100 of blue, slaty...... AS eee Mechunk, 83.2 46.6 


The extensive exposures of limestone on both sides of the James 
river, existing in the neighbourhood of Lynchburg, New Market and 
Warminster, from their very favourable position as regards the facili- 
ties of conveyance, are calculated to become peculiarly valuable. 
Indeed, no position could be found in the state in which lime-burn- 
ing could be conducted on a larger and more profitable scale. By 
the introduction of the perpetual kilns now generally used in the 
extensive lime-burning establishments of the eastern states, much 
fuel would be saved, and all the lime which the rock is capable of fur- 
nishing would be obtained ; while, by the plan usually pursued, much 
‘wood is wasted, and the limestone, particularly of the slaty kind, is 
but imperfectly calcined. These improvements once adopted, and 
the better kinds of limestone selected for the kiln, there appears to 
be no reason why this favoured region may not be able to furnish our 
eastern towns with lime more cheaply than it can be imported from 
abroad, at the same time that it is imparting to the surrounding 
country the benefits of an improved productiveness and a wiser sys- 
tem of cultivation. 

To what has already been said concerning the marble of this re- 
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gion, nothing positive can be added without further investigation. 
It may, however, be remarked, that from the specimens already 
seen, particularly the white marble from Tye river, there is reason 
to hope that this, likewise, may become an object of much value to 
the district in which it occurs. The Tye river marble, and one or 
more analogous veins, have all the characters of a statuary marble 
of fine quality, and should not some peculiarity, as yet unperceived, 
prevent their application to the purposes of the sculptor, they will 
no doubt be looked upon as very valuable possessions. 


Or THE Rooks, Ores, Sort, &o., of THE REGION WEST OF THE 
LIMESTONE, AS FAR AS THE WESTERN FLANK OF THE BLUE 
RipGeE. 

This extensive district of the state comprises a great variety of 
slates, sandstones, schists and other rocks, almost uniformly dip- 
ping east, and in general at a very steep angle. Quartz veins are 
frequently met with, some of which are believed to be aurifer- 
ous, though as yet, no -profitable mine of the precious metal has 
been opened in them. Beds of trap occasionally occur, the mate- 
rial of which, from its dark colour and extreme hardness, is usually 
known by the name of Jron Rock. In some portions of the dis- 
trict, hornblende enters largely into the composition of many of the 
rocks, while in others, tale and chlorite appear chiefly to abound. 
But it is important to remark, that amid all the diversities in the 
mineral character of the strata, a very general conformability of dip 
may be observed. Looking merely to the mineralogical constitution 
of the rocks in many localities, an impression of the undoubted pri- 
mary character of this district would naturally arise’ But when a 
more general exploration of the region discloses the existence of 
extensive beds of genuine sandstone, and conglomerate rocks fre- 
quently in contact with the former, and having the same uniform 
inclination, we are unable any longer to maintain this view. This 
opinion, however, would be found incompatible with the results of 
a more extensive observation of the rocks, of which this region 
principally consists. It would then be found, that a large portion 
of its area is occupied by beds of genuine sandstone and conglomer- 
ate rocks, and that the chief part of those strata, which at first view 
might be regarded as crystalline and primary in character, are in 
reality modified forms of sandstones and conglomerates, which, 
through intense igneous action, have been made to assume appear- 
ances more or less closely resembling those of rocks of the latter 
description, thus disguising, almost entirely in some cases, the origi- 
nal sedimentary structure by which they would be characterized as 
not appertaining to a primary formation. It is the existence of this 
curious class of rocks in many parts of the region in question, as 
well as the occurrence of occasional beds in which no appearance of 
the sedimentary origin can be traced, which imparts to the minute 
geological investigation of this part of the state, so much of scien- 
tific interest, and at the same time renders the task of such an ex~ 
amination laborious and difficult. 
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Whatever may be our view of the origin of the truly crystalline 
rocks which occasionally occur throughout this region, numerous 
sectional examinations, which have been made with the view of 
solving some of the difficulties connected with its geology, have com- 
bined in establishing this interesting conclusion, that by far the 
largest portion of its surface is occupied by rocks which do not 
belong to the primary system, while they have, at the same time, 
served to display the modifying effects of igneous agents, as mani- 
fested in the changed structure of many of these rocks, on a scale of 
wonderful variety and extent. 

Early in the present report, allusion was made to the prevailing 
errors on the subject of the true geological character of this region, 
inclusive of the Blue Ridge; and enough has already been stated in 
regard to the structure of the region, to satisfy the enlightened geol, 
ogist of the entire impropriety of the designation of primary which 
it has heretofore uniformly received. The further particulars about 
to be given relative to some of its rocks, chiefly those of economical 
value, will serve still more clearly to evince the inaccuracy which 
has hitherto prevailed with regard to the limits of the great geologi- 
cal subdivisions of the state, as well as to display the practically 
valuable results which are linked with an investigation which at first 
view appears to be purely scientific in its character. 

The rocks of the South-west mountain and its prolongations, and 
of the country within a few miles on either side, will first be de- 
scribed, after which some account will be given of those lying more 
to the west, and in particular of some portions of the Blue Ridge. 

Pursuing the line indicated in the profile, after leaving the bed of 
limestone, already referred to, we meet with slates and schists in 
some places of a micaceous and talcose, and in others of a siliceous 
nature, and so friable as to be of but little use in building; compris- 
ing occasional beds of a denser texture, and more resembling roofing 
slate. This brings us to the greenish and dark blue argillaceous 
sandstone of which Carter’s mountain, as well as much of the region 
on its eastern and western flanks, principally consists. Beds of grey 
and yellow sandstone occasionally present themselves among the 
darker rock, and these are uniformly of a coarser texture, and in 
many cases are rapidly decomposed by exposure to the air and 
weather. Quarries of the dark greenish and bluish rock have been 
opened in many places, and furnish a material for building which 
can hardly be excelled either for strength or permanency under ex- 
posure. Much of this rock, however, is so hard as to prove difficult 
of separation in the quarry. This is remarkably the case with the 
green variety, which occurs very abundantly for a mile or two east 
ot Meriwether’s bridge on the Rivanna. This rock bears the strong- 
est marks of intense igneous action in its flinty hardness, and in the 
large quantity of green Epidote which has been developed through- 
out its structure. It is, moreover, always intersected by veins of 
quartz, so that it would be difficult to find a mass of considerable 
size, in which many of these veins would not be visible. It is fur- 
ther to be remarked, that always in the vicinity of these quartz 
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veins, the rock is hardest, and displays the largest portion of the 
green colouring material. All these facts would seem clearly to 
point to the quartz as having been directly concerned in the various 
modifications which the rock has obviously undergone. In further 
illustration of this view, it may be added, that often in the immediate 
neighbourhood of the veins of this material, asbestos, iron pyrites 
and other minerals occur, which are known to be thus developed in 
various rocks by veins of intensely heated matter injected into them 
in a state of fusion. At Meriwether’s bridge and in many other local- 
ities along the range, the greenish blue rock is studded with black 
and greenish spots, indicating an incipient crystallization, and clearly 
referable as the geologist would at once perceive, to the agency of 
which we have spoken. Here, as well as in all places where similar 
evidences of igneous action can be traced, the dip of the rock be- 
comes confused in consequence of the occurrence of numerous cross 
joints, such as are often produced in stratified rocks by an action of 
this nature. 

The grey and yellowish red sandstone, occurring in beds some- 
times of considerable breadth, and traversing the country in the gen- 
eral range of rocks to a considerable distance, are found in many 
places to furnish quarries of very valuable building material. Such 
of these beds as are intersected by frequent veins of quartz, are 
found to be by far the hardest and most valuable. In the same bed, 
examined at points some distance asunder, a great diflerence in the 
hardness and consequent value of the material, may frequently be 
observed. Thus, the bed which on the eastern flank of Peter’s moun- 
tain, near Gordonsville, yields a building stone which comes from 
the quarry in long quadrangular blocks of great hardness and dura- 
bility, presents at the distance of several miles to the south a crum- 
bling mass, whose value consists in its being useful as a substitute 
for sand, or furnishing a good material for the manufacture of fire 
bricks. It may, therefore, be found a guide of some value in the 
selection of rock for flags or building purposes, to choose such as, 
lying in the vicinity of a heavy vein of quartz, and intersected by 
smaller ones throughout its substance, is likely to possess the com- 
bined advantages of great hardness and durability, and a compara- 
tive facility in being quarried, in virtue of the cross joints by which 
it most generally and spontaneously divides itself. 

In addition to the rocks here described as occurring particularly 
in the South-west mountain and its vicinity, various others are pre- 
sented both to the south and north of the localities to which the 
profile may be considered as referring, Thus, in Orange and in 
Nelson and Amherst counties, as well as in the neighbourhood of 
Scottsville, in Albermarle, and interruptedly in many other places 
in the same general range, a very interesting rock is seen, consisting 
of fragments sometimes angular, sometimes more or less w rater-wor n, 
cemented together by particles of sand, and occasionally a small 
admixture of carbonate of lime. This ’ singular conglomerate las 
evidently been in part derived from the greenish blue rock pre- 
viously described, with which its larger pebbles or fragments are 


86 


obviously identical—and in part from the sandstones and oczasionally 
the limestones of this region. It is in fact the representative, in this 
portion of the state, of the Potomac marble, and some of it when 
polished would present a surface of equal variety and beauty. The 
occurrence of this rock, as here described, obviously marks an epoch 
of violent action, in which the neighbouring strata, of which it may 
be considered as embodying the ruins, were broken into fragments, 
and these subjected for some time to the rounding agency of water, 
at the bottom of which the coarser and the finer sediments were at 
length consolidated into rock. A curious fact, for the first time ob- 
served by my brother, Professor H. D. Rogers, would seem to 
show, that in the composition of the Potomac marble, fragments of 
limestone may be seen, referable to no nearer source than the great 
valley west of the Blue Ridge. In some of the columns in the 
senate chamber at Washington, which by their beautiful polish en- 
able the observer as it were to look into many of the rocky frag- 
ments of which they are composed, he detected distinct impressions 
of Encrini, a fossil remain abounding in the bed of limestone near 
the western flank of the Blue Ridge, and for which we might in 
vain look in the limestone previously described as skirting the east- 
ern flank of the South-west mountain. This curious discovery will 
at once indicate the extent of the violent agencies preceding the 
formation of this rock, and of the conglomerate which we have 
regarded as its equivalent. 

In the same region likewise, beds of genuine red sandstone occur, 
sometimes of a fine and sometimes of a very coarse grain. This and 
a variety of red slate are the chief rocks to be met with between 
Warminster and the Folly. Similar beds are to be seen in many 
places in Orange and other counties in corresponding positions. In 
Amherst near the Stonewall mills, strata of coarse conglomerate 
occur, in which the pebbles have sometimes a diameter of half an 
inch. 

Near Lynchburg, a very beantiful bluish grey sandstone is largely 
quarried, and in the same neighbourhood very extensive exposures 
of various sedimentary rocks may be seen. In nearly all the locali- 
ties which have been described, the dip of the rocks is east. At the 
latter place, however, a very superb exposure of a siliceous and 
talcose schist is presented on the river bank immediately opposite 
the town, exhibiting the feature so strikingly seen among the sand- 
stones of the North mountain—that of an arch or great bend in the 
strata, showing the eastern and western dips at its opposite extremi- 
ties. 

On the western declivity of the Green mountain, beds of steatitic 
rock occur, furnishing a soapstone which in all respects compares 
advantageously with that now generally in use. A quarry of this 
rock has been opened near the residence of Tucker Coles, esq. from 
which slabs and jambs for fireplaces have been procured. The colour 
of this rock is of a greyish and sometimes greenish blue, with a 
somewhat marbled appearance. Its texture is fine, and with suffi- 
cient firmness for any purpose to which it may be applied. It is 
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capable of being cut and planed with great facility. With the ex- 
ception of some of the finer kinds quarried in Vermont, there is 
probably no soapstone used in this country which combines the 
valuable characteristics of this species of rock in a higher degree. 
The recent introduction of anthracite as a fuel in some of our cities, 
and the probability that ere long the semi-bituminous and anthra- 
cite coals of the western ridges of our valley will also be similarly 
applied, impart additional interest to the facts here stated, and 
render it highly probable that this rock will at no remote day be 
brought into extensive use. In the same neighbourhood are found 
sandstones and schists, all preserving the same general direction and 
dipping to the east. 

Throughout the South-west mountain and its prolongations, but 
especially on the Buffaloe ridge, micaceous and magnetic iron ore 
occur. In the neighbourhood of Stonewall mills, and near the Buf- 
faloe ridge spring, these ores are peculiarly abundant. They are 
also met with largely in the vicinity of the Folly. Hematite con- 
taining some manganese is seen also apparently in veins in a slaty 
rock at Reuben Carver’s, near the above named mills, and has been 
supposed by some to be an ore of silver. The micaceous oxide is 
generally blended more or less intimately with the substance of a 
taleose and siliceous schist, and appears to exist in beds of consid- 
erable breadth amid these rocks. Hitherto, little value appears to 
have been attached to the magnetic oxide or oxidulated iron ore 
which is thus abundant throughout this region; and yet, judging by 
the experience of other countries where this ore is smelted in great 
quantities, there can be but little doubt that under a judicious sys- 
tem of operating it might be found a highly valuable material for 
_ the manufacture of iron. In the highlands of New Jersey, so noted 
for the quality and amount of their forged as well as cast iron, an 
ore of precisely the same character is used, and the difficulties in 
smelting, which appear to have deterred our iron masters from its 
employment, are completely overcome. 

In many places, within the belt of which we are now treating, 
beds of rock occur, containing green carbonate, sometimes associ- 
ated with a little sulphuret of copper. At the Folly in Amherst, 
numerous openings may be seen from which the cupreous rock was 
formerly obtained. The amount of copper present in such of the 
specimens from this locality as have been examined, though consid- 
erable, is not such as promises any high degree of value in the 
mass. It is, however, to be remarked, that no positive opinion on 
this subject can be formed without much minute examination of all 
the places in which this rock exists, as well as a number of analyses 
to determine the proportion of copper which it contains. No dis- 
tinct vein or bed of copper ore is indicated, but rather an impregna- 
tion of the talcose rock of the neighbourhood, more or less strongly 
with the above mentioned compounds of that metal. In some of 
these places the manufacture of copper has been attempted, but 
without the success that would justify a prosecution of the enter- 
prise. “In Orange, Taylor’s copper mine, though opened with high 
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expectation of profit, has been long abandoned. In the neighbour- 
hood of the Folly, judging from the number and extent of the exca- 
vations which are seen, we would be led to infer that at the time 
when they were made great value was attached to the material which 
they furnished; and if the traditions of the country in regard to 
the operations of Colonel Chissel in this region prior to the revolu- 
tionary war, may be received as authentic, that singular and mys- 
terious personage found in the products of these mines or pits a rich 
reward for all the Jabour and expense which he appears to have be- 
stowed in working them. It wou!d seem that the cupreous rock 
was not smelted by him, but merely ground in a mill, some vestiges 
of which still remain, and then packed up and sent to England. 

Similar bands of cupreous rock occur in Campbell county on 
Beaver creek, about two miles from Ross’s furnace, and also in the 
lower end of the county. Pits like those at the Folly have likewise 
been opened on the Jand of Mr. Walker, near the James river in 
Buckingham. 

Among other interesting minerals occurring in this region are 
beds of chloritic steatite and chlorite slate near the Variety mills, 
Nelson county; galena or sulphuret of lead in veins; in quartz at 
Rennet-bag creek, Franklin county; sulphate of baryta in numer- 
ous localities; sulphuret of iron in cubical and other forms, very 
frequent ; plumbago in considerable masses in Buckingham and 
Amherst; brown oxide of titanium in the neighbourhood ot Lynch 
burg. 

Many parts of the region of which we have been speaking, as 
for instance in the vicinity of Lynchburg, the Buffaloe ridge and the 
Folly, are likely to form highly interesting localities to the mineral- 
ogist, from the variety and character of the minerals they furnish ; 
and there is little doubt that interesting developments, in a practical 
as well as scientific point of view, will result from the minute ex- 
ploration of these and other districts throughout this portion of the 
state. 

What has now been said in relation to the rocks-of the South- 
west mountain and its flanks, wHl with but little modification be 
found applicable in a general way to the rocks of the Blue Ridge 
and the intervening country. Beds of dark green rock containing 
hornblende, are occasionally presented. Slates, schists, sandstones 
and coarse conglomerates, sometimes but little changed, at others 
modified in various degrees, succeed each other as we travel west. 
From the South-west mountain, and even in the Blue Ridge, the beds 
of rock exhibit the same features and the same general dip to the 
east. In the Ragged mountain the rock usually occurring is a 
coarse conglomerate or sandstone containing mica, and more or less 
modified, so as to exhibit a structure partly crystalline. In a direc- 
tion northwest from Charlottesville, a conglomerate containing large 
pebbles of angular quartz occurs, and in the same vicinity fine- 
grained yellowish sandstone. 

Most of these rocks contain a large proportion of feldspar, so as 
in some cases when disintegrated, to have many of the characters of 
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a kaolin. A bed of this species exposed near the University, bas 
been found by Professor Emmet to furnish a material susceptible of 
various useful applications. When baked at a very high tempera- 
ture, this rock may be made into hones of a very fine and sharp 
texture. It admits of being readily carved or turned into cruci- 
bles and other useful implements, for which it is well fitted, by its 
power of withstanding heat; and for the same reason-it forms a 
very valuable fire brick. 

With the view of illustrating the structure of the Blue Ridge, 
the following descriptive list is presented of the rocks which occur 
at Turk’s gap, beginning at the western, and proceeding to the east- 
ern base of the mountain. A series of beds in the main analogous 
to those about to be described, may be observed at Rockfish and 
Brown’s gap, and other points which have been examined in the 
course of the reconnoissance. 

In the profile all these rocks are exhibited dipping steeply to the 
east, which is their position as observed at Turk’s gap. But at 
Balcony falls, where the exposure of rock is extremely grand and 
interesting, the beds on the western flank of the ridge are seen dip- 
ping west; east of this they are seen rolling and arching in a manner 
to indicate violent disturbing action, and at length they assume the 
ordinary eastern dip. At this place the sandstones of the western 
base form beds of great thickness. They are for the most part 
greyish, but some layers of a dark brown colour may be seen among 
them. 


Rocks or tHe Brive RipGeE cOMMENCING AT THE WESTERN BASE 
AT Turxk’s Gap. 


1. A light grey moderately fine-grained sandstone, met with 
near the base of the gap, and extends up a third of the way to the 
top. Dip steep to the S. E. 

2. A finer closer-grained rather bluish variety of the same, over- 
lying the former. 

3. A lead coloured argillaceous slate, slightly taleose, occupying 
another third of the western side of the mountain. 

4. A dark purplish grey and extremely close-textured indurated 
sandstone, bearing evident marks of igneous action. This bed is 
not thick. 

5. A schistose grey sandstone, rather argillaceous, with minute 
specks of black sand, and little grains, the size of a pea of transpar- 
ent ametlhystine quartz. 

6. A greenish grey chloritic looking schistose sandstone. 

7. A fine-grained dark bluish green argillaceous sandstone, full 
of incipient crystallization in small vitreous specks, the size of mus- 
tard seed. These specks are small amygdals, the exterior being a 
semi-transparent yellowish green matter like quartz, the centre be- 
ing black and granular. 

8. An argillaceous sandstone like the former, but containing 
more crystalline specks, some of which are of an opaque pinkish 
white. 
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9. Like the two former. the specks being better developed, some 
of these green and transparent, others pinkish white, looking like 
analcime. 

10. A very coarse, extremely hard sandstone, round grains of 
semi-transparent quartz in a coarse argillo-siliceous paste, evidently 
much indurated. 

11. A coarse-grained purple sandstone; the rounded gravel of 
pink or amethyst coloured quartz, united by a dark paste. 

12. A grey purplish porphyritic looking conglomerate, of very 
heterogeneous composition, green, red, white, etc., some feldspar, 
much quartz, and to appearance the matter of the green sandstones 
of the ridge. 

13. A similar compound approaching to a brick red, angular 
pebbles of feldspar and rounded ones of quartz, etc., in a deep red 
paste. The four last specimens belong to the 8. E. slope of the 
ridge. 

14, A white, rather loose and coarse sandstone, the grains united 
chiefly by feldspar. 

15. A coarse sandstone, with rather angular pebbles of quartz 
and feldspar scattered through a paste very similar to the nass of a 
greenish chloritic sandstone. 

16. A very light lemon green epidotic sandstone, with small 
specks of quartz and veins or patches of asbestos. 

17. A very heterogeneous conglomerate, in aspect somewhat like 
the Potomac marble, and identical with the conglomerate before 
described as occurring in the vicinity of the S. W. mountain, etc., 
the larger pebbles identical with No. 6. 

18. A compact, close-grained purplish grey sandstone, greatly 
altered, having kernels of epidote, and quartz, and deep red blotches, 
making it look like heliotrope. 

19. Similar to 7, but destitute of the specks. 

20. At the eastern base of the ridge, slaty sandstones of a grey 
colour. 

In presenting the above account of the series of rocks in this 
portion of the Blue Ridge, I do not wish it to be inferred, that pre- 
cisely the same beds in the same order will everywhere be found. 
Observation has shown, that in different parts of the range, the 
rocks vary somewhat in their character, that while in some places 
the sandstones are greatly indurated, and filled with various miner- 
als apparently developed by intense heat; in others they are com- 
paratively unaltered, though in all the localities yet visited, some of 
the beds exhibit great induration from this cause. We are, however, 
to take this descriptive list as representing the important peculiari- 
ties of the rocks of the Blue Ridge, and we have preferred thus de- 
scribing them in some detail in the order in which they occur, to 
attempting to name them according to any supposed or fancied anal- 
ogies they may bear to rocks, which are found in the old world. 
Such analogies are very vague, and in this as in many other instances 
in the geology of our country, are calculated to give permanency to 
error and check a proper spirit of investigation. In the true spirit 
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of his science, the enlightened geologist has learned to distrust the 
generalizations which would always seek analogues to the rocks of 
one side of the globe, in those of the other, and will, therefore, pre- 
fer a description of the object itself to any appellation to which 
from its supposed resemblances it might be thought entitled. 

From the list above given, it will at once appear, that there is 
no material difference between the rocks of the Blue Ridge and 
those of the South-west mountain and the intervening country, and 
that they seem in the main to be distinctly referable to a sediment- 
ary origin. 

From the above view of the general structure of the ridge, we 
may derive a suggestion of some importance in connection with 
plans of internal improvement projected in the state, which is, that 
the dense and impracticable character of many of the rocks above de- 
scribed,—for instance, those from six to twelve,—forbids any attempt 
at tunnelling the mountain, at least in those places which have been 
examined, and evinces the necessity, whenever such a plan shall be 
proposed in reference to other parts of the ridge, of first ascertain- 
ing whether it does not there also include near its axis materials 
equally unfavourable to operations of this kind.* 

The soils of the region from the Blue Ridge, east as far as the 
limestone, are in many places of a deep red or chocolate colour, 
while in others they present either a greyish or yellowish hue. 
Those of the former kind are usually regarded as most fertile, and 
chiefly give value to the lands of Albemarle, Amherst, and other 
counties in this part of the state. In accounting for these striking 
peculiarities of colour and agricultural properties of the soils in 
question, it has been usual to regard them as resulting from the 
hornblende, frequently met with in the rocks of this region, which 
by its iron would give colour, and by its lime impart fertility to the 
land. There is, however, but a small portion of this deeply coloured 
soil traceable to a decomposing rock of the description mentioned, and 
by far the largest part of the land thus tinged has been produced by 
the disintegration of the dark greenish blue sandstone, such as occurs 
so abundantly in the South-west mountain. Much of the richest and 
darkest red soil of Amherst and Albemarle has no hornblende in its 
neighbourhood, while beneath and mingled with the soil, fragments 
of the sandstone above reférred to, may be seen in all the grada- 
tions of condition, from the hard greenish rock recently separated 
from the mass, to the crumbling half-earthy and deeply reddened 
lump, ready to be reduced by the next winter’s frost into produc- 
tive soil. By analysis recently made, I find that both the green- 
ish sandstone and the resulting soil, contain a sensible quantity, 
sometimes two per cent. of lime. Should this be found by further 
research to be an invariable ingredient of these valuable red soils, 
we might, perhaps, be authorized in ascribing their productive char- 
acter, at least in part, to its presence; and we would toa certain 

* The caution here advised was observed in selecting a place for the tunnel 


since constructed at Rockfish gap, and yet great obstacles were encountered 
owing to the nature of the rocks,—Ep. 
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extent be enabled to compare these soils with one another in agri- 
cultural value, by chemically examining them for lime. 

Portions of the red soi! in Nelson and Amherst, arising from the 
decomposition of a red sandstone and conglomerate before described, 
contain lime in a still more considerable proportion. The rocks from 
which they are procured, in some instances, present upwards of six 
per cent, of carbonate of lime. A specimen recently examined, 
yielded me in one hundred grains, precisely 6.75 grains of this 
substance. 


Or THE VALLEY OF VIRGINIA. 


The sectional line crossing this region, to which the profile re- 
fers, commences at a distance of two or three miles from the west- 
ern base of the Blue Ridge, this being the position at which the 
rocks of the valley first become apparent. Of the character of the 
beds comprised in this interval we have no data enabling us to speak 
with certainty, inasmuch as the fragments of sandstone derived from 
the broken strata of that range, piled upon the subjacent beds of the 
valley, entirely conceal them from observation. At other points 
along the eastern edge of the valley, the interval thus hidden from 
examination is not so wide, but in no place hitherto observed have 
the rocks of the valley and those of the Blue Ridge been seen in 
contact. This, as yet, undetermined ground, is therefore represent- 
ed on the profile by a blank, at the western boundary of which the 
valley rocks where first observed, are represented as commencing. 
Future observations throughout this curious district are indispensa- 
ble to an understanding of the true relation existing between the 
formations bounding it on either side, and will accordingly present 
subjects of geological, and even of practical interest in the prosecu- 
tion of more detailed research. 

As the profile indicates, beds of slate and limestone, in alternate 
order and dipping almost uniformly to the east, occupy nearly all 
the space west from this to the commencement of the sandstones of 
the ridges subordinate to the North mountain. Layers of a very 
siliceous limestone, and bands of sandstone, occasionally occur. Be- 
tween Harper’s Ferry and Winchester, two alternations of the slate 
and limestone may be observed; the most eastern bed, composed 
of slate, dipping east at an angle of 30° into the valley of the Shenan- 
doah, succeeded by a broad range of limestone of a dark blue as- 
pect, and but little veined, dipping in the same direction, next to 
which is another bed of slate followed by one of limestone, both 
dipping as before. 

Approaching the northern extremity of the Massanutten moun- 
tain, the belt of limestone presents interesting peculiarities, some 
of which may with great probability be referred to the proximity 
of that lofty range. It is here traversed by large veins of calcareous 
spar, in general running across the direction of the edges at a con- 
siderable angle, and it is thrown off from the flank of the mountain 
with a reversed or western dip. The veined condition of the rock 
distinctly pointing to a period during which it was subjected to vio- 
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lent actions, cleaving it into countless fissures, subsequently filled by 
infiltration with the pure material of the rock, taken in connection 
with its inverted dip along the mountain flank, gives great proba- 
bility to the idea that the upheave of this range took place subse- 
quently to the formation of the rocks of the valley, and that thus 
the fissured structure and changed direction of the adjacent rocks, 
were merely consequences of the elevation of this enormous mass. 
In connection with this curious point of inquiry, the investigation 
of the materials and structure prevailing in the Massanutten moun- 
tain, cannot fail to prove interesting to the geology of the state. 
Such an examination, moreover, promises more than any other to 
reveal the geological relations of the valley with the regions bound- 
ing it on either side, and thus to solve some of the most curious 
problems with which the student of our geology at present cannot 
fail to be embarrassed. 

In the valleys of this mountain slates and limestones occur, and 
rumour intimates that coal even has been found. Beds of a coarse 
conglomerate, of very peculiar structure, constitute an important 
portion of its mass, and furnish the material of mill-stones now much 
in use. Limestone is said to occur on the summit-of the Peaked 
mountain, a part of the Massanutten, and it is not improbably the 
fact. 

Should coal ever be discovered in this region, it will probably be 
anthracite ; and certainly the character of the rocks of the Mussa- 
nutten, so far as they have yet been examined, is not adverse, if it 
be not favourable, to the opinion that the search for this mineral 
might be attended with success. 

In passing some distance south and west of Strasburg, the strata 
resume their former eastern dip, having here apparently been too 
remote from the mountain, to experience much violent dislocation 
or change of direction when it arose. 

In the counties of Rockingham, Augusta and Rockbridge, lime- 
stone and slate alternate as before; the former in some places passing 
into veined varieties, and occasionally presenting bands and beds of 
marble of a good quality. <A roll in the strata, or some change and 
irregularity in the dip, will usually be found to attend the veined or 
marbled varieties of the limestone, and may be looked upon asa use- 
ful guide in the search for quarries of the ornamental rock. A bed 
or beds of hydraulic limestone runs along the valley, not far from its 
eastern side, to an extent not yet determined. In the neighbourhood 
of Shepherdstown, this rock has been quarried, and found highly 
valuable in the formation of water cement. A similar limestone 
appears on the North river, about nine miles from the Balcony falls, 
and at some intermediate points, but as yet no analysis has been 
made of the rocks from these localities, and but imperfect trials 
have been made of the lime obtained from them. It would appear 
that a limestone of analogous character is found also in Botetourt 
county, and even further south. 

An analysis of the hydraulic limestone from the neighbourhood 
of Shepherdstown, shows it to contain nearly a third its weight of 
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alumina, while the common limestone of the vicinity, and indeed 
of the Valley generally, contains but asmall proportion of this earth. 
A mere analysis, however, is not always sufficient to determine the 
value of the material for the purposes of a cement; and should there- 
fore, be accompanied with direct trials calculated to test its qualities 
in this respect. Attention is only beginning to be directed to this sub- 
ject, which is one to which, from the character of some of our great 
works of improvement, a minute geological and chemical investiga- 
tion might be very beneficially directed. 

It is curious to remark, that in Pennsylvania and New Jersey, 
limestone of this description occurs in precisely the same relation 
to the other rocks as in the region we are now describing; and from 
its well known and fairly tested value, as employed in those states, 
we may look with confidence to the early discovery of valuable 
beds of it in numerous parts of the corresponding region in Vir- 
ginia. Fortunately for its use too, the anthracite of the North 
mountain is of that description of coal which has been found by far 
the most suitable fuel in preparing it for a cement. 

The existence of jfossiliferous bands in some of the limestones 
of the Valley is an interesting geological fact, of which no notice 
appears hitherto to have been taken by those who have professed 
to explore the country with scientific object. Near Strasburg, on 
Cedar creek, and other points around, the rock displays great num- 
bers of impressions of encrini, &c., and some trilobites. At Mount 
Meridian mills, in Rockingham, organic limestone likewise occurs, 
-and what is most remarkable as having hitherto escaped attention, 
the limestone of Weyer’s cave and the vicinity occasionally exhibits 
similar impressions of a very interesting and peculiar character. 
Further west, in the neighbourhood of Mossy creek, fossils occur in 
a more siliceous variety of limestone, and I have in my possession 
a fine specimen of fucus from this locality. Such bands of fossilifer- 
ous rock seem to be of more frequent occurrence farther south, and 
are quite common in Botetourt and Montgomery counties. 

The importance of the valley limestones, as furnishing a power- 
ful lime for agricultural and various other uses, cannot be too highly 
appreciated ; indeed, it is rather matter of surprise, that the agricul- 
ture of this region has hitherto been suffered to reap so little general 
benefit from this great source of improvement completely within its 
reach. As yet the application of lime to the lands in this part of 
the state is in a great degree restricted to particular neighbourhoods, 
while (in many extensive districts) through the want of experience, 
and of knowledge respecting its employment elsewhere, the effi- 
cacy of lime as a manure, is regarded with a degree of doubt some- 
times amounting to entire disbelief. An impression that the soils 
of this country are already sufficiently impregnated with calcareous 
matter, in consequence of the proximity of the limestone rock which 
occasionally rises to the surface in the fields, seems more than any 
other circumstance, to have led to the erroneous notion that lime 
could be of no benefit to the soil. It must therefore be regarded as 
a fact likely to affect the opinions and practice of persons entertain- 
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ing these views, that in a great many cases, the soils of the valley 
contain little or no calcareous matter, even when taken from the 
immediate vicinity of a limestone rock—a fact which has also been 
observed by my brother and myself, in regard to many of the soils 
in the corresponding region in Pennsylvania and New Jersey. In 
the valley of tle former state lime has long been in extensive use, 
and is well known to have been the means of imparting rich pro- 
ductiveness to many wide districts in the limestone country which 
were formerly regarded as of little value, while in the small belt 
of corresponding character in New Jersey, a soil of almost sterile 
worthlessness has by the same means been imbued with an extraor- 
dinary degree of fertility. Experience thus ample and satisfac- 
tory, under circuinstances which can leave no doubt as to the ap- 
plicability of the results to the valley of our own state, will, it may 
be confidently hoped, impress our farmers in that region universally 
with the importance of availing themselves of the invaluable resource 
which is everywhere spread around them, and of thus removing 
the imputation of indifference to improved modes of agriculture, 
which the active enterprise of other regions has already proved to 
be of great and permanent advantage. 

The value of the limestones of our valley, with a view to this 
most important of all their applications, may be judged of by the 
results of several analyses recently made, from which it appears, 
that in most cases, the carbonate of lime exceeds 80 per cent., and 
in some is largely over 90 per cent. of the whole mass. A series of 
analyses, giving the composition of all the varieties of the rock in 
numerous localities in each county through the valley, would sub- 
serve one of the important interests of this region, by enabling the 
farmers to infer what ought to be the proportion of pure lime pres- 
ent in the product of the kiln in each locality. 

Another valuable material hitherto neglected in this region is 
the Travertine or deposit marl which exists in some places in large 
quantities. In Jefferson and Frederick, this chalky deposit forms 
beds of considerable thickness; mingled with but little extraneous 
matter. In Rockbridge, nearly all the streams that empty into the 
South river, flow over a material of the same nature; and in fact 
no extensive district of the valley will be found wanting in this 
deposit. It is in truth a precipitation of the calcareous matter from 
the limestone waters, which are universal throughout this region, 
and must therefore be looked for as occurring in most neighbour- 
hoods where springs thus impregnated are of general occurrence. 
Now, it is important to be known, that from this substance a lime 
of very superior quality may be made, and that judging by the 
value attached in the market to that from the travertine of Cale- 
donia in New York, the burning of this material in some of our 
localities might be attended with very considerable profit; at all 
events, its utility in agriculture added to the facility with which in 
some places tlie deposit may be obtained (no quarrying being neces- 
sary to separate it from the mass), would render it an advantageous 
substitute for the limestone of the same neighbourhood. More- 
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over, it should be remembered, that in the more friable or powdery 
state in which much of it is found, it may, as in Europe, be very 
beneficially applied as a marl without being burnt. The immense 
improvement which eastern Virginia has derived and is now re- 
ceiving from the calcareous manures, must render any illustration 
of the effects of this substance altogether superfluous, when it is 
understood that in composition it cannot be distinguished from the 
better qualities of the pulverulent marls, of which analyses have 
been given in the early part of this report. Independent of which, 
its value has been unequivocally tested in other countries, where it 
has been found to have the most decided ameliorating effects upon 
land to which it is properly applied. 

From what has been said respecting many of the soils of the 
valley, it is not to be inferred that they are all devoid of calcareous 
matter, or indeed that this ingredient is not very often present in 
some proportion, but rather that in few or no instances does it exist 
in the soil to such an extent as to interfere with the advantageous 
application of lime or unburnt calcareous manures; and under these 
views, I would urge upon those who are particularly interested in 
the success of agriculture in the valley, the benefits to be anticipated 
from the diligent use of the various resources so abundant and ac- 
cessible throughout this portion of the state. 

The tron ore of the valley constitutes another of its most valuable 
possessions. This, although manufactured into iron in numerous 
places, has as yet been the subject of no systematic geological and 
chemical examination, further than the mere determination of its 
general features, and some of its qualities in the furnace. An ex- 
amination of the composition of all the principal varieties now in 
use, as well as the determination of the relations of the deposit 
geologically with the rocks among which it is found, would furnish 
matters of enquiry, whose practical bearing upon a valuable branch 
of industry in this region, will be promptly and fully recognized by 
all who are interested in its success. For, although the tact of the 
operator, in this as in almost every department of the arts, is neces- 
sary to the profitable pursuit of the manufacture, those engaged 
in the smelting of iron have long been sensible, at least in other 
countries, of the high importance of such suggestions as are fur- 
nished by a chemical examination of the ores upon which they 
operate, and a geological investigation of the positions in which the 
beds of ore occur. The ores almost exclusively in use are hematites 
of various aspects, known under the names of Honeycomb and Pipe 
ores—many of which yield a metal of the very finest character. 
The facility of smelting, as well as the quality and amount of prod- 
uct, varies of course with the description of ore employed—and° 
from the want of such knowledge as has been just referred to, the 
difficulties of the process in some places have almost put a stop to 
the operations of the furnace. 

A new iuterest attaches to this branch of industr y, at least in 
some portions of the valley, from the recent discovery in the imme- 
diate neighbourhood of the iron, of beds of a semi-bituminous dry 


97 


coal, which, if we may trust to the indications of its composition, 
may hereafter be employed as a most efficient and profitable substi- 
tute for charcoal in the furnace. Of this coal, as it occurs in the 
Catawba mountain, and at other points in the valley, but little as 
yet is known; but should the hopes excited by analyses which I 
have recently made of specimens from the former locality, prove 
to be well founded, a new impulse will be given to the iron manu- 
facture in that district of the state, and rich rewards be proffered to 
the enterprise of capitalists who engage in it. 

Of the various objects interesting to the mineralogist, which are 
to be found in this region, but little definite knowledge has yet been 
attained. We may, however, mention carbonate and sulphate of 
baryta, octahedral and dodecahedral sulphuret of iron, pellucid 
quartz and crystallized selenite, as occurring more or less abundantly 
in different places. Of the lead ore, gypsum, &c. of the south- 
west we will speak hereafter. 

The numerous extensive caves occurring in this region, form one 
of its most curious and interesting features, and serve to illustrate 
some of those geological and chemical agencies to which allusion 
has been made in explaining certain facts connected with formations 
in other parts of the state. Thus, in the rich and variegated crys- 
talline deposits and concretions, which render some of the caves 
objects of so much curiosity to the visitor—the solvent action of 
water upon the various kinds of rocks composed of carbonate of 
lime, and the ready tendency of the dissolved matter to separate in 
a pure and crystallized condition, are both beautifully displayed, 
while the rounded surfaces of the rocks within the caves, and the 
generally curved contour of the various apartinents, give evidence 
of the wearing, as well as the dissolving energy of subterranean 
streams. Usually some disturbance of the rocky strata will be seen 
in and around these caves; and in the various fissures and deep 
clefts naturally accompanying such dislocations of the strata, we are 
furnished with a ready explanation of the means by which the agent 
that has thus scooped them out, originally obtained access to the 
surface of the rock. 


Or tHe Nortn Mountain AND ALLEGHANY REGION. 


The numerous ranges of mountains which lie beyond the general 
limits of the valley, present several features of great practical, as 
well as scientific interest. In the profile view, a section of the Little 
North mountain, as presented west of Mossy creek in Rockingham, 
terminates the line of observation first examined ; and the profile is 
resumed at a point farther south, in a direction from Covington 
across the Great North mountain into Rockbridge. The lesser 
ranges of mountains which first interrupt the general undulating 
surface of the valley, known by the various names of Little North 
mountain, Catawba mountain, &¢., indicate the commencement of 
aseries of rocks entirely distinct from those occurring in the val- 
ley, being eet of sandstones and conglomerates, and of shales 
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subordinate to the veins of anthracite and semi-bituminous coal, 
which here discover themselves. The dip of these, so far as ob- 
served during the reconnoissance, is somewhat steeply west, as rep- 
resented in the profile. A similar direction of the strata is also 
seen in the range of the North mountain in Rockbridge and else- 
where, but as exhibited in the section of Brown’s ridge and the Mill 
mountain, the dip is east. The rocks composing the North mountain 
at the place represented in the section, are chiefly sandstones of 
different hues and textures, with a reddish shale appearing towards 
the eastern base. Ascending by the eastern side, after passing these 
shales, we meet with red and grey sandstones; then deep red sand- 
stone with occasional seams of shale interposed, to near the summit, 
where we find a heavy stratum of white pinkish sandstone exposing 
an extensive bared surface, which dips N. W. On the western side 
following the winding of the spurs, the pinkish variety of rock is 
succeeded by grey, and thence tracing the mountain to its base, the 
red and grey varieties appear with changing dip, such as would be 
explained by the structure indicated in the profile view of this side 
of the mountain. Pursuing a western course, we find slate dipping 
to the west for some distance from the flank of the mountain, but 
assuming an eastern dip as we approach the base of Brown’s ridge, 
where a bed of limestone, with a corresponding dip occurs, after 
which we come upon the grey and reddish sandstones composing 
that ridge, which also dip in the same direction. 

There being no reason for doubting the identity of the rocks in 
the North mountain and Brown’s ridge, we are led to infer, that 
immediately at the base of the former there exists a western dipping 
limestone similar to that with eastern dip at the base of the ridge, 
but not having detected it in consequence of its being concealed by 
the fragments of rock collected there, it is not indicated in the figure. 
The series of rocks thus far, commencing with that which in the 
horizontal disposition, must have been the lowest, would therefore, 
be sandstone, limestone, slate; and this order we shall find pre- 
vailing for some distance further west. The sandstones of Mill 
mountain, like those of Brown’s ridge, dip east, and are separated 
from the former by an intervening valley of slate, the western por- 
tion of which ‘is seen dipping in conformity with the rocks of the 
Mill mountain, but in the eastern part no rocks in sitw could be seen 
on account of the mass of fragments by which they were covered 
up. From the precipitous escarpments of the two ridges here de- 
scribed, the apparent identity of those rocks of which they consist, 
and other striking circumstances ‘in the features of the valley, there 
can be but little doubt that lines of fault, giving to the strata of 
sandstone, limestone and slate, originally horizontal, an echelon 
position, have occasioned this repetition of the rocks of the ridge in 
the Mill mountain, preserving their dip in the same direction; or 
more familiarly speaking, these two ridges were thrown up from 
their horizontal position under such an action of the dislocating 
force as not to elevate the rock on the western side of each; and 
therefore not to present any strata having a counter or western dip. 
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To present this principle, which is familiar to geologists, in another 
point of view, the rocks of the Mill, Brown, and North mountains, 
being rocks of sediment, and having, therefore, been originally hori- 
zontal, or nearly so, formed one continuous bed, the sandstone 
lying beneath, the limestone next, and the slate upon the surface. 
The disturbing force throwing up the sandstones of the North 
mountain, gave them a western dip, while other forces dislocating 
the strata to the west, gave them the parallel but not continuous 
positions which they now display. Instances of this kind of dis- 
turbance are among the most usual in geology, and would readily 
be inferred by those versed in the subject to have occurred at the 
points here described, by a simple view of the profile itself. 

But it is thought that the explanation above given will aid the 
general reader, for whom the report is chiefly intended, in under- 
standing the delineation of this portion of our line. West of the 
Mill mountain to near the base of the Warm Spring mountain, we 
pass over slates occasionally exposing the subjacent bed of lime 
stone, but throughout this valley scarcely a glimpse of the sandstone 
which lies still lower can be had. At Bratton’s ridge, the limestone 
comes boldly out with an eastern dip, and at some distance beyond, 
a turn not delineated having occurred in the strata, the slate is seen 
dipping in the opposite direction. This brings us to the little valley 
of the Millboro’ Sulphur spring, which here issues from the pyritous 
slate—and now the slate is found dipping to the east until another 
change brings up the limestone into view near the Blowing cave, 
and the dip becomes west again; after which, with several rolls or 
undulations as seen in the Cow Pasture hills, it settles into an east- 
ern dip, which continues to the boundary of the slate near the base 
- of the Warm Spring mountain. Here limestone occurs dipping 
with the slate, and this brings us upon the debris piled upon the 
skirts of this lofty range. As the structure of the Warm Spring 
valley will receive an especial notice, I will defer any further de- 
scription of the profile for the present. 

The region to which the portion of the profile just described re- 
fers, abounds in objects of practical as well as curious interest. 

The coals of the Little North mountain, Catawba mountain, &c., 
are among the most prominent of these in an economical point of 
view; and should the reasonable expectations to which their dis- 
covery has given rise, not be disappointed, will influence in no small 
degree the prosperity of one of the most extensive and important 
regions of the state. From the Potomac to the south-western coun- 
ties, the minor ranges of mountains, rising in general along the 
western boundary of the valley, are known to include beds of this 
mineral in the various conditions of a pure anthracite, and a com- 
pound containing variable but never large proportions of bituminous 
matter, and which may accordingly be denominated semi-bitumi- 
nous coal. In Berkeley county, on Sleepy creek and elsewhere, 
openings have been made, from which an anthracite of the very 
purest character is obtained. In Frederick, Shenandoah, Rocking- 
ham, Augusta, Botetourt and Montgomery, similar discoveries have 
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been made; the coal of the four former counties, as far as yet ex- 
amined, being nearly identical with that in Berkeley, while that 
found in Botetourt and Montgomery contains a considerable portion 
of bitumen, though far less than that of ordinary bituminous coal. 
The veins which have as yet been examined vary from three to seven 
feet in thickness. That represented in the profile, dipping west 
into the Little North mountain, near Coal run, in Rockingham, is 
about four feet thick. Several openings at different points in the 
neighbourhood, present no perceptible variation in the character of 
the coal, which is a pure anthracite, capable, as experiment has 
shown, of bur ning with but little flame, and with the production of 
a very intense heat. At this place, and it would appear also in 
others in the same range, the coal readily falls into small fragments, 
exhibiting numerous rubbed and shining surfaces, leading to the 
impression, which an examination of the enclosing rocks would also 
indicate, that a dislocation of the strata has occurred, attended with 
a sliding and grinding action of the roof and floor of the veins, 
breaking up and fissuring the included coal, and occasioning by the 
mutual attrition of the contiguous surfaces that peculiar lustre and 
striated appearance which they invariably exhibit. In some of the 
veins, however, this crushing effect appears to have been but little 
felt, and the coal comes from the vein in larger and more perma- 
nent masses. A further exploration of those veins, in which the 
coal has been thus reduced, may bring to light other portions of the 
vein, in which comparatively little of this grinding and crushing 
action. has occurred. . For some purposes, this broken condition of 
the coal would not impair its usefulness, but for general sale it 
would affect its market value. 

According to an analysis of the Berkeley coal executed by my - 
brother, Professor H. D. Rogers, it contains in the one hundred 
grains only 4.94 grains of grey ash, all the remainder consisting of 
volatile and combustible matter. ‘lhis indicates a purity exceeding 
that of the Pennsylvania anthracite in general, which at a mean 
contains about six per cent. of ash. 

In the coal from the Catawba, I have found varying proportions 
of bitumen in the specimens from different localities: An average 
of these results indicates about 14 per cent. of volatile matter, chiefly 
of a bituminous character. This coal burns with but little intu- 
mescence or swelling, is not much inclined to cake, has no tendency 
to splinter when burning, and forms a large amount (upwards of 80 
per cent.) of avery superior kind of coke. Allusion has already 
heen made to the probable value of this mineral, in connection with 
the iron manufacture of this part of the state; but further explora- 
tions of these veins, together with careful chemical analyses of the 
coal as well as iron ore, and actual trials of the former as to its 
qualities in the furnace, are yet required, in order to determine with 
certainty the usefulness of this coal in the raw or uncoked conditicn, 
in reference to this branch of industry. In connection with these 
remarks, and more especialiy as suggesting an important hint to 
those who may be endeavouring to bring these dry coals into use in 
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the way alluded to, it may here be added, that from the great suc- 
cess attending the use of the hot air blast in France and England, 
where, in some cases, coals in the raw state, of an analogous char- 
acter, are employed, the introduction of the same mode of opera- 
tion here, holds ont the promise of most profitable results ; and it 
may be further suggested, that the great efficiency and economy of 
the hot air, even according to the trials made in this country with 
the ordinary materials used as fuel in our furnaces, ought at once to 
excite the attention and awaken the enterprise of all who are con- 
cerned in this highly important branch of our manufactures. 

The sandstones, limestones, and slates of this region, are all of 
them convertible to useful purposes. The pinkish variety of the 
former is quarried in the North mountain to furnish hearths for 
furnaces, and has a hardness and sharp grit, which has led to its 
employment as a substitute for the more expensive millstones. The 
slate is largely impregnated with iron pyrites, and upon exposure 
to the air yields a great quantity of sulphate of iron or copperas, as 
well as sulphate of alumina or alum.* It is for this reason, that the 
springs of this part of the state so frequently possess a sulphuretted, 
chalybeate, and acid character, and that some of them are so pow- 
erfully remedial in cutaneous and various other diseases. The cele- 
brated alum rock on Jackson’s river, consists of nothing but this 
slate, which here rises in an abrupt and lofty cliff, forming a semi- 
circle at the bend of the river, and presenting a scene which is at 
once curious and imposing. Over the surface of the wall-like pre- 
cipice, streaks and stains arising from the copperas or ferruginous 
matter of the rock, may everywhere be seen, and large nodules of a 
spheroidal form, and of the size of a bomb, lie here and there em- 
bedded in the mass. Such is the amount of. chalybeate and. other 
saline, as well as of sulphurous matter in these slates, that the in- 
habitants of the country, in lieu of resorting to the springs, of which 
some, as the Alum spring are much in vogue, are accustomed to make 
use of the detached fragments of the rock, which in small quantity will 
impart to water all the flavour and effects of the springs themselves. 

Chalybeate and sulphuretted springs break forth in various places 
from the pyritous slate above described, many of which, as for ex- 
ample, the Botetourt, Augusta, Rawley, Shannondale, Yellow and 
Alum springs, have acquired reputation for their medicinal virtues. 
Thermal waters abounding in free carbonic acid and nitrogen gases, 
resembling those of the Warm Spring valley, occur in some localities, 
an interesting example of which may be seen in the neighbourhood of 
Kayser’s in the gorge of the Rich Patch mountain. Analyses now on 
foot in relation to the characters of several of these waters, forbid 
the publication at present of any decisive results, but it is hoped, 
that by an early day some account of their constitution will be 
embodied in a treatise on the mineral waters of Virginia, now in 
course of preparation. 

Of the limestone, it may merely be stated, that it is capable of 


* This word alum is used in the then common though not scientific 
sense.—R, E. R. 
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furnishing a lime fully equal to that of the valley, and that the ex- 
tent to which it exists in the deep valleys of this region, renders it 
accessible for agricultural purposes on almost every farm. Many 
beautiful and fertile spots possessing the advantages here stated, 
lie enclosed among these mountains, which, with facilities of trans- 
portation, must, at some not distant day, be looked upon as choice 
places of the state. 

Tron ores, similar to those of the valley, abound on the flanks of 
the mountains where the lime stone occurs, and many successful 
furnaces are supplied from this source. At Jordan’s furnace, near 
the Mill mountain, castings of a very superior quality are made from 
a hematite procured in the neighbourhood of Brushy ridge; and at no 
great distance above, on the Jackson’s river, the enormous water 
power which is here given by the torrent as it makes its way 
through the Rich Patch mountain, is in part applied to give action 
to the machinery of a large and successful forge. Facts of this kind, 
though new to very few, are calculated to fix our attention upon 
the great resources in materials and motive power which these wild 
districts of the mountains possess, and thence to illustrate the pub- 
lic advantages which are at some future day to flow from the estab- 
lishment of proper facilities of communication with them, and the 
direction of wealth and enterprise to the practical developement of 
the riches which they contain. 

Most of the rocks of this region contain numerous fossil impres- 
sions. The bare sandstones on the summit of the North mountain, 
seen from the road in passing from Lexington to Covington, display 
a great profusion of encrini and other zoophytes; and the sand- 
stones of the Mill mountain, Rich Patch mountain, &c., present 
similar vestiges of organic life, together with hollow casts and marks 
of shells. In addition to such traces the surface of these rocks occa- 
sionally exposes those waving ridges which are known to geologists 
as ripple marks, and which are referred by them with almost un- 
doubted certainty to the same causes as are found at the present 
day, producing precisely similar markings upon the sandy surface 
of the oeean beach. Large exposures of the rocky surface, thus 
beautifully rippled, may be seen in numerous parts of the North 
mountain, and the other remoter ranges, and under the above view 
of the origin of this curious feature of the rocks, are calculated in a 
beautiful manner to illustrate the circumstances under which the 
strata of this region were deposited. 

The slates, particularly those in the neighbourhood of the coal 
veins above referred to, present large and perfect impressions of fern 
leaves and other vegetable remains; and the limestones are rich in 
shells and madrepores of various kinds, and often of uncommon size. 
Fine specimens of Terebratula and Caryophyllew@ may often be ob- 
tained entire. 

A curious and imposing feature in the rocky scenery of many 
places in this region is the bent or arched arrangement of the strata. 

In following the windings of the Jackson’s river through the 
wild and picturesque valleys and gorges by which it makes its way 
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into the more open region towards the east, this strange confor- 
mation of the rocks is seen in several places, furnishing in the stu- 
pendous elevation of the cliffs, and the massive character of the beds 
of which these arches are composed, the most instructive and mag- 
nificent illustrations of some of those agencies to which geologists 
are accustomed to refer. One of these instances of bent strata, par- 
ticularly worthy of observation, is presented in the deep cleft of the 
Rich Patch mountain, through which the river makes its final escape 
from the rugged region in which its progress has been previously so 
much obstructed. Looking from Kayser’s or the Forge, the naked 
side of this huge defile, towering in a nearly vertical wall, washed at 
its base by the impetuous torrent which flows eastward with a rapid 
descent, exhibits the grand spectacle of an enormous and almost un- 
broken arch of sandstone rocks, rising at its extremities in steeply 
dipping lines, curving with more gentle inclination to its summit, and 
spanning a distance of several hundred yards. Thin ledges of a very 
hard variety of the same species of rock project at the abutments of 
the arch, and rise along the side of the cliffs in a nearly perpendicu- 
lar direction. On the opposite side the same position of the rocks 
is seen; but here, in many places, the continuity of the arch is broken. 
A similar scene, though on a smaller scale, is presented in the gorge 
by which the Calf Pasture river finds a passage through the North 
mountain ; and indeed it would appear, that this feature in the po- 
sition of the strata, is a common occurrence in all the mountainous 
ranges of this wild and beautiful region. 

Proceeding westward in the profile, we come upon the heavy 
beds of sandstone of the Warm Spring mountain, dipping rather 
steeply to the east—on the western base of which we meet with a 
fossiliferous limestone, having the same dip, and therefore lying 
beneath the sandstone. Bounding this valley on the west, the Little 
Warm Spring mountain and its prolongations, exhibit the same rocks 
in the same relative position, with this important difference, that 
they all dip west. The relation of the rocks thus described, and as 
they are represented in the section, admits of a simple explanation, 
by conceiving a violent upthrow to have occurred along the line in 
which the valley now exists. The sandstones thus thrown off on 
both sides, left the deep fissure in which the limestones, elevated by 
the same upheaving action, were revealed to observation. Jn this 
view, the mountains bounding the valley have been formed merely 
by the forcible protrusion on either side of beds of sandstone of 
enormous thickness, which were originally in a horizontal position— 
and the limestone, which appears dipping in opposite directions and 
beneath the mountains, was brought into view by the same agency, 
although previous to its elevation it must have existed at a depth 
of nearly 2000 feet below the surface. This valley has, therefore, 
the character of an enormous fissure, and considering it in that 
light, we have no difficulty in accounting for the number of ther- 
mal springs which it contains. The weil established fact that the 
temperature of the earth's strata increases with their depth from the 
surface, in connection with the structure of the valley here described, 
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will at once explain the elevated temperature which all these springs 
display, while peculiarities in the mineral ingredients of the subja- 
cent beds, which it may readily be imagined would account for the 
gases which they evolve, as well as the saline and other ingredients 
which they hold dissolved. 

In connection with these views, it is important to remark, that 
the fossils and other characters of this limestone distinguish it from 
those which are found among the mountain chains to the east or 
west, and that it bears a striking analogy to the fossiliferous lime- 
stone formerly described as existing in the great valley of Virginia. 
Granting the identity of the two, we wonld thus have the slates and 
limestones of our valley occupying a position at great depths below 
the various mountains and valleys we have been describing, and only 
appearing at the surface where some great uplifting force has oper- 
ated, asin the Sweet Spring valley, tossing away the upper and more 
recent strata. 

Throughout all the region of which this portion of the profile 
may be considered as giving merely a local representation, the ther- 
mal. waters, in virtue of the carbonic acid contained in them, hold 
in solution large quantities of carbonate of lime. The carbonic acid 
in quickly escaping from the water by exposure, permits the calca- 
reous matter to separate, and thus, as the stream proceeds, this in- 
gredient is precipitated at every step. Hence it is, that we find the 
channels of the streams thus impregnated, covered with a hard in- 
crustation, accumulating in thickness every day, and even the stones 
and twigs over which the current flows, become encased in a film 
of semi-crystalline calcareous matter. Agitation of the water favour-- 
ing the escape of the solvent carbonic acid, will also contribute to 
the rapidity of this accretion, and accordingly it is found, that where . 
the ripples are numerous, the deposit is comparatively abundant, 
and what at first view seems most strange, even the ledges over 
which the streams are precipitated in cascades are themselves built 
up by additions of the calcareous deposit. The travertine forma- 
tions of these valleys, produced in the way we have just described, 
are in some cases of immense thickness and extent. .That in the 
neighbourhood of the Sweet springs, has in all probability, a thick- 
ness in some places of upwards of 100 feet, and every year adds 
slowly to its amount. At the Falling spring, nearly on the route 
from Covington to the Hot. springs, a still greater depth of this. de- 
posit has been accumulated, and in various other places throughout 
this region, masses more or less considerable of the same curious 
formation, may be met with in the valleys, and sometimes even at 
considerable elevations on the sides of the hills. 

The travertine, like that alr eady alluded to.as pers ss in Jeffer- 
son, Frederick and other counties in the valley, is capable of being 
made highly useful in agriculture, and of yielding a lime of the great- 
est purity and whiteness. 

In the mountains west of the point last referred to in the profile, 
we discover the ternary series of sandstone, limestone and slate, as 
before described; the limestones showing themselves altogether on 
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the flanks of the mountains, and then only occasionally peeping 
forth. As represented in the profile, repeated alternations in the 
dip of the strata occur in this region, and the structure of the ridges 
is generally such as to present a dip outwards on both their eastern 
and western sides. Progressing westwards, the overlying slate is 
increased in thickness by the addition of other, and not exactly similar 
beds, over which, and generally dipping to the west, we find the 
sandstones and slates on the western flank of the Alleghany moun- 
tains as presented in the neighbourhood of the White Sulphur springs. 
Among the numerous ranges of similar structure to that exhibited 
in the profile, and which are usually denoted by the common name 
-of Alleghany, veins of coal have been discovered in many places, 
and the black shale usually accompanying this mineral is of frequent 
occurrence. One of these veins is exhibited on the profile, as seen 
in the vicinity of Crowe’s near the base of the Sweet Spring moun- 
tain. A similar vein about three miles north of Lewisburg, fur- 
nishes a coal which, according to the trials which have been made 
of it both in smiths’ forges and in ordinary grates, has been shown 
to be of good quality. Most, if not all of these coals, are of the 
semi-bituminous character, and are, therefore, not much prone to 
cake while burning. 

Bands of fossiliferous slate and sandstone are exposed to view in 
many places among the mountain ridges of this region. The hard 
dark brownish sandstone, generally seen lying in bands of a few 
inches thickness, is often largely stocked with fossil impressions. 
A single stroke of the hammer will frequently reveal, over an ex- 
tensive even surface of the fractured rock, multitudes of such casts, 
chiefly the joints of Encrini of various species; and so common is 
the fossiliferous rock throughout these mountains, that a large pro- 
portion of the broken masses met with in the channels of the streams 
and in the numerous dry ravines which form the beds of winter 
torrents, are rich in curious and instructive fossil traces. 

The calcareous matter which once formed so large a portion of 
these various rocks in the shape of shells and zoophytes, has entirely 
disappeared, leaving hollow moulds, marking the form and character 
of the fossils which have been dissolved away. Yet so distinctly 
do these casts preserve all the delicate lines and marks of their 
originals or seals, that they furnish the scientific observer with a 
sufficiently definite knowledge of their peculiarities to enable him 
to refer them to their proper places in the arrangements of the 
naturalist, and by comparing them with the fossils of other strata 
and other regions, to make important inferences concerning the 
geological epoch of their existence. 

In the limestones of this region fossil impressions are equally 
abundant. At Callahan’s and near Crowe’s, the mass of the rock 
appears chiefly to consist of solid casts of shells, which, with a little 
care, may frequently be detached entire, exhibiting unimpaired, all 
the peculiar features of the shells themselves. Perfect specimens of 
several species of Terebratula and Productus may be procured at 
these and numerous other localities; and with a little research, a 
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rich collection of fossils may be gathered in almost any part of this 
region, comprising a variety of species unknown in the geology of 
Europe. Seeing, from the character of these impressions, that the 
living beings whose traces are thus engraved upon the rocks, were 
once the inhabitants of an ocean, we reflect with wonder upon the 
curious geological changes which have occurred since the period in 
which the exuvie of these shell fish and zoophytes were gradually 
accumulated in the sand and mud at the bottom of the sea, and we 
look with new interest and astonishment upon the solid texture and 
towering height of the rocky strata in which these unequivocal 
traces of oceanic life are thus durably impressed. 

One of the most valuable of the rocks occurring in this region, - 
is the brownish slate, of which the firm and even surface of our 
mountain roads is now frequently formed. ‘The existence of this 
admirable material immediately adjacent to the roads in many parts _ 
of this region has already exerted a most happy effect in their con- 
struction and improvement, and has rendered them for beauty and 
convenience, deservedly the boast of this portion of the state. 

The numerous mineral springs for which this region isso cele- 
brated, and which, perhaps, constitute its most valuable possession, 
could not be properly described in the narrow compass of the pres- 
ent report; and as injustice might be done by such meagre notices 
as it would be possible to introduce, a special description of their 
character and contents, and of the geological features of the sur- 
rounding country, will be reserved for another publication, now 
in progress, in which such details will be given in all the amplitude 
they deserve, and trom which, should the minute geology of this and 
other parts of the state be called for by the legislature, all the im- 
portant particulars bearing upon this point will be borrowed and 
incorporated in a more detailed report. 

Among the general considerations in relation to them, which 
may with propriety be introduced in this place, it is worthy of re- 
mark, that while the thermal springs to which we have referred, in 
treating of the Warm Spring valley and other places, appear to be 
indebted for their impregnation chiefly to rocks of a caleareous de- 
scription, and are accordingly found either in or near such rocks, 
the sulphuretted springs now referred to, among which are the 
White, Red, Salt, Blue and Grey sulphur springs, appear to derive 
most of their ingredients from pyritous slates, and will therefore be 
observed to rise through or in the neighbourhood of strata of this 
nature. Of these the White Sulphur is the only one which can be 
regarded as decidedly thermal, its temperature being about 64°, 
while the others do not vary considerably from the usual tempere- 
ture of the ordinary springs around them. 

Another point of a general character which may be noticed here, 
is the radical difference as to saline and gaseous ingredients ob- 
servable between the springs formerly alluded to, and those of 
which we now speak. All the waters of the Warm and Hot and 
Sweet Springs valleys, and several others of analogous character, 
and highly thermal temperature, discharge considerable quantities 
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of free gas, consisting of carbonic acid and nitrogen, of which the 
latter was first distinctly recognized by myself, and found in general 
to be present in very great proportion. 

At the same time a large amount of carbonic acid is held in 
combination in these waters, imparting the acidulous character for 
which some of them are remarked, and giving them the power as 
already mentioned of holding large quantities of carbonate of lime 
dissolved. This acid impregnation is in no instance more strikingly 
manifested than in the waters of the Sweet Spring valley, of which 
that of the Red spring about a mile below the principal fountain of 
the Sweet springs, presents an amount of the combined gas equal in 
volume to about one half of that of the water itself. 

Another important distinctive feature in the constitution of the 
class of springs here spoken of, is the large amount of the carbonates, 
principally that of lime, and the comparatively small proportion of 
the sulphates with which they are impregnated. 

On the other hand, the class of sulphuretted waters as exemplified 
in the springs previously named, contain but little carbonic acid, 
and a comparatively minute amount of carbonate of lime, or other 
carbonates, while they are richly fraught with sulphuretted hydrogen 
gas and various sulphates, of which those of lime and magnesia are 
present in most considerable proportion. Besides the several points 
of distinction above referred to, it may be further added that the 
sulphuretted waters are in general impregnated with various or- 
ganic matters of very peculiar characters, which by collecting in 
the reservoirs and channels of the springs, in mixture with precipi- 
tated sulphur, have, by the various beautiful colours which they 
impart, given rise to the different appellations by which the more 
celebrated of these fountains are now known. But while such gen- 
eral resemblances as have been described, will be found to prevail 
among the several springs of each class as thus characterised, it is at 
the same time to be remarked that they possess striking individual 
peculiarities, imparting to each an amount and species of medicinal 
agency in some degree appropriate to itself. 

Viewed simply in relation to the number, variety and high repu- 
tation of its mineral waters, this region is well entitled to be proud 
of the vast resources of which it is possessed. Grouped as these 
springs are at moderate distances apart, presenting within the same 
district a variety of medicinal character, for which in other coun- 
tries, regious remote from each other require to be visited in suc- 
cession, placed at a point equally accessible to the inhabitants of the 
seaboard and the great valley of the west, and situated in a region 
of grateful summer temperature of salubrious climate and of pic- 
turesque and diversified natural beauties, they are now rapidly attain- 
ing a celebrity for powerful and varied remedial qualities, as well as 
for the refined social enjoyments which are annually gathered around 
them, destined ere long to eclipse the older reputation of the famed 
fountains of the northern states, and to vie even with the long 
established character of the most noted of the watering places of 
the old world. 
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Among the valuable minerals of this portion of the state, men- 
tion should be made of the rich iron ores occurring along the ridges 
in numerous places, and which, from the frequency of coal seams 
among these mountains will one day be brought into profitable use. 

Saltpetre is found mingled with the earth in many of the caves 
in this region, and has been procured from time to time in consid- 
erable quantities from this source. , This earth or petre-dirt, as it is 
called, is obviously a sediment deposited from the waters, formerly 
or at the present time found within the caves, and has sometimes a 
texture of such impalpable fineness as to indicate that the deposition 
took place while the liquid was in a very quiet state. Besides the 
saltpetre or nitrate of potash, it also contains a Jarge amount of 
nitrate of lime, which, by the usual process of mingling the wash- 
ings of common ashes with those of the petre-dirt, is by a direct 
chemical action converted into saltpetre. Immense heaps of the 
earth from which the salt. was formerly obtained, may be seen in 
some of the wide chambers of the Singing and other caves, which 
there is reason to believe, in process of time, will become as rich in 
this substance as before. 

In the same caves Gypsum is also found mingled with the petre- 
dirt and sometimes enclosing large lumps of it in a thick crystalline 
envelope. In the Organ cave so much of it is found both in this 
condition and replacing the shells originally existing in the slaty 
limestone, as to make it worthy of enquiry, whether it might be 
turned to profitable use. 

Returning to the profile at the point marking the intersection of 
Howard’s creek with the line of observation, we remark the com- 
mencement of a series of sandstones and slates differing from those 
of the Alleghany, and presenting that want of accordance in the dip 
which may probably mark the beginning of the great western series. 
The rocks of the former kind here exhibit what. is called a diagonal 
lamination, a structure very general among the sandstones of the 
west, and one from.which the geologist derives important hints as 
to the natural circumstances existing when these strata were de- 
posited. 

On the eastern side of the Greenbrier, is an outlying hill com- 
posed of horizontal beds of limestone, resting upon red and green 
friable slate. At several points south of this, in a direction towards 
the Salt Sulphur springs and Uniontown, this limestone is discoy- 
ered, and in proceeding some distance towards these points, the 
hills as well as the valleys present scarcely any. other rock but a 
limestone, which, judging by its fossils and other characters, may be 
regarded as probably the same as that here represented. Beyond 
this point, we meet with west-dipping strata.of reddish shale, with 
a thin band of limestone on the descent of the hill approaching 
Lewisburg. This brings us into the fine lime stone valley, on the 
confines of which that town is situated, and here we find the rock 
dipping at first very gently to the west, then becoming horizontal 
with slight undulations, covered beyond Tutwiler’s with a soft 
arenaceous rock, approaching to sandstone in appearance, but which 
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is in reality merely the earthy insoluble portion of an impure lime- 
stone, from which the calcareous matter has been all dissolved away. 
Beyond this poimt, the limestone rises with an eastern dip, in the 
neighbourhood of Milligan’s creek, after which, at the eastern base of 
Muddy Creek mountain, it is seen dipping westward beneath and 
mingled with the strata ‘of soft slate, and again appears on the west- 
ern side of this ridge near its base, coming out with a dip in the 
opposite direction. Finally, it shows itself capping the remoter part 
of Brushy Ridge and dipping in a westerly direction, as if prolonged 
beneath the heavy beds of slate and sandstone of which the Meadow 
mountain is composed. After this, it is not observed to re-appear 
in proceeding further west. 

Whether as has been supposed, the limestone which has just been 
traced, is continuous with the extensive beds of this description 
which are spread over a wide district to the south, forming but a 
part of one general deposit of which the horizontal limestones in 
the vicinity of the Salt Sulphur springs and Uniontown, and even 
of the Red Sulphur, are merely other portions, it would as yet be 
premature to venture upon deciding. No such identity of fossil and 
other characters has so far been observed in the rock from these 
different districts to authorize a generalization of the kind, and it 
must be left to minute future investigation to ascertain the true re- 
lations subsisting between these beds. 

The extent of the limestone region south and west of Union, is 
as yet but imperfectly ascertained. Passing the Grey Sulphur 
springs and proceeding to the south-east side ‘of the Peters moun- 
tain, we find around the base of the Angel’s Rest and Salt Pond 
mountains, and throughout the valley in which Pearisburg is situated, 
a wide extending stratum of nearly horizontal limestone, much. of 
which along the New river, is remarkable for containing masses of 
siliceous rock, embedded in its substance, sometimes having the 
horny aspect and hardness of genuine flints. Most of these frag- 
ments, however, are irregular in form, and bear a striking resem- 
blance to the white and very compact. sandstone which is seen pro- 
fusely strewing the flanks of the Peters mountain, for many miles 
around. In several specimens, I thought I could perceive indis- 
tinct traces of encrini, such as are frequent in that rock. Possibly, 
however, these masses may have become entangled in cavities on 
the limestone, in which by chemical action they were subsequently 
cemented. 

One of the most curious objects in the particular, district of 
which we have just been treating, is the lake near the summit of 
the Salt Pond mountain. The erroneous impressions and absurd 
speculations to which it has given rise, will be accepted as an apol- 
ogy for the few descriptive remarks which I shall here present. 
This beautiful sheet of water is situated at the intersection of the 
Salt Pond mountain and several of its spurs, and not, as is commonly 
supposed, on the top of the mountain. Its height above the base 
of the mountain, is probably from 900 to 1000 feet, but it is sur- 
rounded by steep and lofty hills on every side, excepting that by 
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which it is approached, and that through which its waters find a 
small outlet, falling in a picturesque cascade of great height, and 
then flowing rapidly into the creek below. The outlet appears for- 
merly to have been deeper than at present, and the extent of the lake 
_ was therefore much less than it now is. Rocks and earth gradually 
accumulating at the passage, have dammed the waters up, and hence 
the trees and shrubs which grew upon its margin, may now be seen 
sometimes standing erect at a considerable depth beneath its sur- 
face. Its length is about three quarters of a mile—its greatest width 
about half a mile. By careful soundings from side to side, in many 
parts of it, the greatest depth that could be found was from 56 to 60 
feet; but such was the transparency of the water, that the bottom 
could be seen nearly in its deepest parts. No animal is found in it 
but a small species of salamander or water lizard. 

Of the south-west portion of the state so little is known, further 
than the existence and value of its gypsum, lead, salt and iron, that 
no general views, even of its important geological features, can be 
ventured on with safety for the present. Even the tracing of the 
limits of those formations that connect a portion of it geologically 
with the great Virginia valley, would as yet be premature; and of 
the true character of the more western parts, we have no means at 
present of forming any accurate opinion. Hence in introducing the 
few remarks relating to its structure and economical resources which 
I shall presently bring forward, little or no regard will be paid to 
any imaginary lines of demarkation, which might be conceived sepa- 
rating from each other the distinct eeological formations which there _ 
is but little doubt that it includes. 

Through an exclusive attention to the direction of the deainnivd 
of the northern and eastern portions of this division of the state— 
as, for example, in Montgomery county—the designation of Alle- 
ghany has been very strangely and unphilosophically applied to a 
comparatively elevated portion of the table lands of that county— 
and guided by the same principle, in tracing a supposed connected 
chain which forms the water-shed of both the east and west-dis- 
charging rivers, the same title has been applied to a portion of the 
Blue Ridge, constituting the western boundary of Patrick and 
Grayson counties. Thus we have the same term applied successively 
to ridges entirely dissimilar in regard to the materials of which they 
are composed, and the epochs to which they are geologically to be 
referred; and what is of much more practical importance, mistaken 
conceptions of the nature and resources of these districts will be al- 
most certainly suggested, on a first view of them, as delineated upon 
the map, from the prevailing idea, that a continuous mountain chain, 
thus bearing a common designation along its entire extent, must of 
course exhibit great similarity in structure and materials through- 
out all its parts. Noris this all: by following the fallacious guide 
of the direction of the drainage, instead of actually tracing continu- 
ous ridges, likely to present a general similarity in character through- 
out, we are in many cases giving an imaginary continuity to elevated 
portions of land frequently belonging to successive ridges, and thus 
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_ereating in imagination a connected mountain in a direction or di- 
rections in which none such actually exists. Hence, nothing is more 
common in descriptions than to hear of the Alleghany passing under 
the Peters mountain, near the Sweet springs, traversing the various 
ridges to the east until it arrives at Christiansburg, and thence by 
many crooked courses, tending towards the Blue Ridge, until reach- 
ing that mountain, it suddenly cuts it off, and bends its own course 
to the south-west. But during all this description, the speaker is 
seldom aware that he is describing what, to a great extent has no 
original in nature, and that what he represents as one mountain, a 
continuation of the great Alleghany of the upper and middle portions 
of the state, here striking across the numerous ridges to the east, 
and making its way in that direction under and over and through 
the numerous mountains which seem crowded in a phalanx to resist 
its course, is, in reality, through much of its extent, only a series of 
spurs, sometimes merely elevated table lands, dissimilar in structure 
and origin amongst each other, and only associated in an imaginary 
connection by the accidental circumstance that they form one portion 
of the water-shed of the east and west-discharging rivers. A more 
accurate knowledge of the topography of the state, and more judi- 
cious principles in the application of terms, will, it is hoped, at some 
future day, correct this preposterous error in the designation of our 
mountains, and will substitute on our map such names as the real 
constitution of ridges of analogous formation throughout, would 
render natural and appropriate. Thus the western boundary of 
Patrick and Grayson ought to be called Blue Ridge, and no ridge or 
mountain east of the Peters mountain can, with the least propriety, 
be entitled Alleghany. 


Or THE Soutn-weEsTERN DistRICT OF THE STATE. 


In exhibiting a few particulars relating to the mineral structure 
and resources of the south-west, we will confine our attention chiefly 
to the limestone, lead, gypsum, salt, and coal, which it possesses. 

Much of this region is overspread with fossiliferous limestone 
of various kinds, as well as other varieties containing no fossils, and 
approaching in some places to the character of marble. Semi- 
bituminous coal is found in several localities, as on Strouble’s run, 
&c., in Montgomery, and in other places in the Brushy and Walker’s 
mountain. Iron ore is also abundant in the same districts. 

The lead ores of Wythe, under judicious management in the 
working, and with favourable means of conveying the resulting metal 
to the proper market, could not fail to become a large source of 
profit to the state. In the forms of sulphuret and carbonate, they 
contain a large per centage of the metal, and require no expensive 
arrangements for the reduction, the sulphur in the one, and the 
carbonic acid in the other, readily escaping under the application 
of a heat of moderate intensity. Both of these ores are wrought, 
although of late it would appear that the carbonate is preferred, 
on account, it is said, of its yielding a lead of purer quality. The 
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sulphuret, as is frequently the case, contains probably antimony 
or arsenic, perhaps both, while the carbonate is much more 
likely to include no other metallic ingredient but the lead. Until 
lately, the ore of this description, from its earthy appearance in most 
cases and its total want of an external metallic aspect, had been re- 
jected as of no value, and it was only by accident that its character 
was revealed to those who were working in the mines. 

The sulphuret or blue ore (Galena) occurs in veins of rotten or 
chalky limestone; the carbonate, in beds generally situated at the 
intersection of the veins. In the extraction of the metal the fuel 
employed is wood, and the operation is performed in a simple rever- 
beratory furnace. 

The gypsum, as far as certainly known, occurs over a space about 
20 miles in length, and half a mile in breadth, but probably the area 
actually oceupied by it is much more considerable. The depth to 
which it extends in some places is enormously great. It lies in beds 
between strata of limestone, slate, and sometimes sandstone, and 
has to be penetrated for a great depth in boring for salt water. In 
some cases it is said to have a thickness of nearly 300 feet, including 
the bands of rock among which it is stratified. Its condition is 
either that of a fibrous crystalline mass of nearly perfect purity, or 
a granular bluish grey and veined rock, containing a small amount 
of earth, but: still as little mingled with extraneous matter as any of 
the imported plaister. This precious material, owing to the difficulty 
of transportation, is yet unknown at any distance towards the sea- 
board, but during favorable seasons it is conveyed in arks down the 
Holston, to the south-western states, and in this way yields a hand- 
some profit. With facilities of transportation, what incalculable 
benefits might the great valley of Virginia, and much of the region 
west, as well as east of it, derive from this invaluable deposit, and 
what an active and productive commerce might it give rise to 
throughout that region in which it is found! 

The Salines constitute another of the treasures of this district of 
the state. As yet but little has been done, either towards deter- 
mining the extent of the saliferous strata, or the chemical nature of 
the various ingredients, besides the common salt, which the brine 
holds dissolved. At the salt works on the Holston, the wells are 
usually from two to three hundred feet in depth, presenting strata 
of limestone near the surface, sandstone or slate alternating with 
beds of gypsum several feet in thickness, next beneath, and finally, a 
stratum of clay, within which the salt water is procured. This clay 
is of a reddish aspect, and a very argillaceous texture, being in all 
probability a softened sbale, such as that of the brine springs and 
rock salt of Cheshire in England, In fact, a marked analogy is pre- 
sented in the structure of the salt region of the Holston, and that of 
Cheshire. In the latter, beds of gypsum are found alternating with 
strata of indurated clays and sands, approaching to slates and sand- 
stones; and carbonate of lime exists largely in the strata lying near 
the surface. In all of these particulars the salt region of the idee 
corresponds with it very closely. 
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The great value of the Cheshire region, however, results from the 
heavy beds of rock salt which it includes, and of the existence of 
such upon the Holston, though far from improbable, no positive 
testimony has as yet been obtained. 

The curious fact, that on some occasions granules or small crys- 
tals of salt are brought up by the water of the wells, is certainly 
very much in favour of the opinion, that such beds of the massive salt 
do actually exist at depths to which the borings hitherto made have 
not extended, and furnishes strong additional incentives to a perse- 
vering and thorough exploration by borings in numerous places 
penetrating to still greater depths. 

The proportion of common salt varies with different wells, and 
even in the same is not perfectly uniform. In some cases 10 gallons 
of the brine will yield one gallon of salt, in others 16 are necessary. 
Taking the specific gravity of salt at about 2.5, and allowing some- 
thing for the interstices in the dry measure, we would have in the 
former case a strength of about 20 per cent. Gypsum is always 
present in the brine, and is almost the only impurity in it. 

Of the coal occurring in Montgomery, and other parts of the 
S.W. region, nothing at present need be added, as the remarks al- 
ready made in regard to the beds of the same variety of this mineral, 
occurring in the Catawba mountain and elsewhere, would be equally 
applicable to those found further south. Iron ore of a very peculiar 
character is found in Grayson and Wythe, &c., yielding in some 
cases, by the usual smelting process, a metal having all the qualities 
of steel. 


Tar Great Western Brruminous Coat AND SAtt REGION. 


We come now to treat of that enormous area of nearly horizon- 
tal strata which we have designated as the fifth great geological 
subdivision of Virginia. It comprises, as already shown, the large 
territory lying between the western limits of the state and an irreg- 
ular line of mountain ranges as yet imperfectly determined, but 
nearly coinciding with the eastern front ridge of the Alleghany, the 
Greenbrier mountains and the Great Flat Top mountain. No sec- 
tion of the whole state offers perhaps so much that is character- 
istic, either in its physical geography or geological structure, and 
none holds out richer promise of valuable practical results as soon 
as it shall be systematically explored. By far the greatest portion, 
if not all, of its strata belong to a group of formations, distinguished 
not only in America but throughout the world, as being the chief 
depositories of bituminous coal. The title of the western carbonif- 
erous region might therefore seem to be appropriately applicable to 
it, were we sure that it might not convey to geologists and others a 
possibly erroneous conception of the class of rocks which it com- 
prehends. While it is clearly referable to the general period of the 
bituminous coal, it is by no means meant to signify that the rocks 
of the region correspond with any exactitude, or indeed have any 
mineralogical analogy to the strata which comprise the bituminous 
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coal formation of most geological writers. Nor, on the other hand, 
is it settled, that the era of their production was precisely the same 
during which the coal beds of other countries were deposited. We 
hold it to be altogether premature, while the geologists of America 
are yet only on the threshold of their researches, to endeavour to 
establish an identity of names between our strata and those of Eu- 
rope. This too frequent error, prejudges all the broader and more 
lofty generalizations of the science. In a spirit of caution, there- 
fore, dictated by the many blunders daily committed in the nomen- 
clature of our rocks, we shall abstain from giving them a class of 
European names, not always indeed applicable in the countries 
where they are employed, and certainly less so in a region of widely 
different structure, separated by the great interval of the Atlantic. 
The little that can be said in a detailed way upon particular strata 
will be descriptive, being convinced that points of nomenclature 
and classification cannot be ventured upon with profit until there 
shall have been collected a vast deal more of minute information 
than is now before us. 

This western section of Virginia is characterized throughout by 
geographical features of great simplicity. The surface of the region 
is undulating, and towards its south-eastern limit, mountainous ; but 
the loftiest hills rise in gently swelling outlines, and no very promi- 
nent peaks tower in acute and ragged lines, to denote that the strata 
have been subjected to violent convulsive and upheaving forces. 
Everything bespeaks it to have been at one time an expanded plain 
gently tilted from the horizontal position, so that its surface and the 
beds of rock beneath decline with a slight but very uniform depres- 
sion, very generally towards the north-west to the valley of the 
Ohio. 

The form, direction and character of both hills and valleys, give 
evidence that its inequalities of surface were caused by the furrow- 
ing action of a mighty and devastating rush of waters, which by a 
rapid drainage scooped out enormous valleys and basins in the upper 
strata, the remnants of which are consequently traceable across the 
widest valleys from hill to hill, holding the same elevation, thick- 
ness and inclination to the horizon. It is from this deep excava- 
tion of the strata by natural causes, combined with tke other im- 
portant circumstances of a nearly horizontal position, that we are 
to draw our estimate of the prodigious resources of a mineral kind 
possessed by the region before us. Whatever valuable materials lie 
included in the strata of the district, coal, salt, limestone or iron 
ore, the horizontal position alluded to keeps them near the surface, 
or at an accessible depth, over enormously wide spaces of country, 
while the trough-like structure of the valleys, and their great depth, 
exposes the edges of many of these deposits to the day, under posi- 
tions in which mining is the easiest imaginable, and with an extent 
of development not less accommodating to the researches of the 
scientific geologist than bountiful to the wants of the community. 
The same features prevail in the tertiary or tide water district of 
the state, and ought to awaken there a corresponding feeling of 
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congratulation. The only essential difference of structure, is the 
far greater depths to which the beds of this western territory have 
been excavated or denuded. <A greater number of strata are there 
laid open, contributing to render the deep-seated beds of coal as ac- 
cessible as the superficial marls of the lower section of the state, 
and thereby to preserve a beautiful balance in the resources of the 
two respective regions. 

The portion of the profile representing this vast and affluent di- 
vision of the state, along the particular line to which our observa- 
tions were chiefly directed, may be regarded as commencing with 
the Meadow mountain, and extending as far as the Ohio; but by 
starting from the point here indicated, it is by no means intended to 
imply that the great western series of secondary rocks here actually 
commence. So far as an inspection of the ground along the route 
observed may be regarded as furnishing information upon this inter- 
esting point, the probable beginning of this series is to be looked 
for further to the east, and in all likelihood, is placed on the western 
bank of Howard’s creek, the only position in which an approach to 
unconformable stratification was observed. As however we have 
already described the limestones of the Lewisburg valley and the 
other strata with which they are immediately associated, and as 
moreover our chief object at present is the presenting some par- 
ticulars relating to that portion of the great western series which is 
first distinctly observed towards the summit of the Meadow moun- 
tain, we shall waive all merely scientific enquiries with respect to 
the precise boundary of the western rocks, and proceed briefly to 
describe the structure of this region westward from the point al- 
ready indicated. 

Ascending the Meadow mountain, we meet with blue and red 
slate in a friable condition, until we arrive at a point more than 
half way to the top, where grey sandstones make their appearance, 
forming the cap of the mountain, and like the slates beneath, dipping 
with a gentle inclination to the west; descending on the western 
side the slates again appear, and continue throughout the whole of 
the extensive flat reaching to tle base of the Little Sewell, on the 
eastern side of which they are soon lost, and a grey sandstone, like 
that already remarked, again comes into view. The upper portion 
of the Little Sewell consists of a grey and white sandstone, identi- 
cal with that observed in progressing further west. Here one or 
more seams of coal have been discovered. On the western flank of 
this mountain, the red slate is again observed dipping gently west 
beneath the other rocks, and here finally disappearing under the 
beds of sandstone accumulating in thickness in our progress west. 
Continuing in the same direction, a series of these sandstones of 
various hues and different textures, including numerous seams of 
coal, and all dipping as before, but with a diminishing inclination, 
so as in fact to approach nearly to the horizontal, accompany us 
through the Big Sewell, Davy’s mountain, Bracken’s Ridge, Dog- 
wood Ridge, Gauley mountain, &c., to a point west of Campbell’s 
creek, where a gentle counter dip of the same rocks may be re- 
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marked, soon, however, exchanged for the general direction before 
observed. Here, as indicated in the profile, three great seams of 
coal display themselves almost continuously for a distance of about 
12 miles, stretching in parallel and nearly horizontal bands along 
the almost mountainous cliffs forming the boundaries of the rich 
and lovely valley of the Kanawha in the vicinity of Charleston. 

Beyond this point, the level of the country declining, we come 
upon a series of nearly horizontal arenaceous and argillaceous rocks 
occasionally presenting thin beds of limestone of various degrees of 
purity, in some cases containing sufficient alumina to render it valu- 
able for hydraulic lime. This portion of the series extends as far 
as the banks of the Ohio. 

The sandstones of which it will be seen so large a portion of 
this region is composed, are remarkable for the enormous size of 
some of the fossils which they contain, and the shales associated 
with the coal are even still more rich in some places in these colos- 
sal relics of a former world. <A striking feature already alluded to 
in speaking of the sandstones near the valley of Lewisburg, is ob- 
served very generally throughout this region, and is exemplified in 
some of the cliffs of the New river and Kanawha, on a scale of vast 
extent. I mean the diagonal lamination of the rock—or, in other 
words, a subordinate stratification oblique to the general lines of 
demarkation of the several parallel beds of which the whole mass 
of the cliff or mountain is composed.. A similar fact was noticed 
in describing the tertiary rock of broken shells at York, and the 
beds of gravel observed in the neighbourhood of Richmond and at 
other places in lower Virginia. In all these cases, a like agency has 
been at work in producing this curious structure. In all of them 
we readily discover the action of tides or currents, depositing upon 
a surface, originally, by some accidental cause, inclining to the hori- 
zon, the sands and pebbles, and other materials of the rock, and 
thus adding layer after layer of the deposited material in directions 
parallel to the receiving surface, and therefore oblique to the general 
horizontal level. Changing intensity or direction in the transport- 
ing tide or current, would be accompanied by an alteration in the 
position or direction of the lamin thus formed—and it is easy to 
perceive, that an almost endless variety of structure in this respect 
might thus be readily explained. The fact here noticed, furnishes 
of itself a striking evidence, were any such wanting, of the sub- 
marine origin of the vast region of which we are now treating. 
But the organic remains which these rocks entomb, at once demon- 
strate this to have been the fact—the relics of marine animals being 
the only remains found among the sandstones which are not imime- 
diately associated with the coal. 

With the view of illustrating the extent of mineral wealth of 
which this region is possessed, and at the same time of indicating 
the vast benefits which it may anticipate from a geological and 
chemical investigation of these resources, I will briefly refer to 
some of the more important deposits as yet known, of its coal and 
iron ore and salt. 
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At Wheeling, and for 14 miles down the river, the cliff or bank 
presents an uninterrupted bed of highly bituminous coal, upwards 
of 16 feet thick, and of such a quality, as to furnish fuel for all the 
dwellings and manufactories of that enterprising and prosperous 
town. Above and separated by other beds, are two thinnez layers 
of this material, but of an inferior value. Associated with. these 
seams of coal, and lying above the two lower ones, is a bed of lime- 
stone of upwards of twenty feet in thickness. 

At Clarksburg and northward down the valley of the Mononga- 
hela, there exists one of the richest coal deposits in the state. One 
of the seams in some places in the neighbourhood of this town, is 
from 10 to 12 feet in thickness, below which, and separated chiefly 
by a heavy bed of sandstone, there lies a thinner stratum of a more 
highly bituminous character. These also are associated with a layer 
cf limestone. We may form some idea of the vast extent of these 
coal seams from the fact, that from some distance above Clarks- 
burg, they may be followed with scarcely any interruptions through- 
out the whole length of the valley of the Monongahela down to 
Pittsburg. Ascending the Tygart’s Valley river, the coal dimin- 
ishes in thickness and valuable qualities, while the sandstones and 
limestones increase, the latter in the Cheat and other mountains, 
near the sources of the river, having a thickness of from 60 to 100 
feet. 

Coal is also found, though in less considerable seams, along the 
valley of the Little Kanawha. Near Hughes’ river, one of its tribu- 
taries, it is very abundant; and in the same neighbourhood, springs 
of petroleum, or rock oil, have been discovered. North and west 
of this stream on the ridge, selenite or crystallized gvpsum is said to 
occur, though at what place and to what extent, we are not in- 
formed. 

On the Great Kanawha, the exposure of coal is one of the most 
extensive and valuable any where in the United States, and here 
from its immediate vicinity to the Salines, its practical usefulness 
has been tested on a wide and profitable scale. On the Coal, Gauley 
and other rivers in this portion of the west, the beds of this mineral 
are frequently brought to view, and in fact no better general descrip- 
tion can be presented of its extent, than that it is almost continuous 
with the vast beds of sandstone, which spread in nearly horizontal 
planes over nearly the whole of this broad region. 

A coal containing much less bituminous matter, occurs imme- 
diately west of the eastern front ridge of the Alleghany, in Hamp- 
shire county, lying in nearly horizontal beds, in five successive 
tiers, and extending for a distance of many miles along the borders 
of the Potomac. A simple enumeration of the strata here exposed, 
will furnish an illustration of the resources of this corner of the 
state, well calculated to inspire astonishment and exultation. Upon 
a stratum of valuable iron ore, not less than fifteen feet in thickness, 
there rests a bed of sandstone, upon which reposes a coal seam, 
three feet thick; above this, another bed of sandstone, then a two 
feet vein of coal, next sandstone, then another coal seam of four 


118 


feet; again a stratum of sandstone, and over it a seven feet vein of 
coal; over this a heavy bed of iron ore, and crowning the series, an 
enormous coal seam of from fifteen to twenty feet in thickness. 

The Saline formation, associated with the vast strata of sandstone 
before described, has as yet been almost unexplored, excepting in 
the valleys of the Great and Little Kanawha. High up, on the New 
River, and at one or two points on the Greenbrier, salt water has 
been found, and the erection of salt works has been attempted, 
though hitherto these efforts have proved unsuccessful, either con 
account of the weakness or the insuflicient supply of the brine. 
What may be the result of future research in the region east of that 
in which the salt manufacture is now successfully pursued, it would 
be impossible to predict, but from the fact, that the rocks of all 
this region, and among them the white sandstone from which the 
brine of Kanawha is procured, have a gentle western dip, it would 
appear reasonable to infer, that in the range of the Sewell mountains, 
and some distance east, where these rocks, which at the Salines are 
many hundred feet deep, are brought nearly to the surface, the sup- 
ply of salt water might in some places be obtained at a compara- 
tively inconsiderable depth, and at all events, considering the con- 
tinuity and identity of the strata over the whole of this wide area, 
we may reasonably suppose, that the saliferous bed or beds would 
be found in nearly every portion of it, though perhaps in many 
places having too slight an impregnation to render the water yielded, 
of any value in the manufacture of salt. 

On the Great Kanawha, wells of various depths, rarely exceed- 
ing 400 feet, have been sunk on both sides of tlie river above Charles- 
ton, throughout a distance of more than twelve miles. The brine 
thus procured, unlike most other salt waters, contains scarcely any 
sulphate of lime or gypsum, on which account the process of obtain- 
ing the salt in a pure crystalline condition, is attended with fewer 
difficulties than usual; and fer this reason, the alum salt now pro- 
cured by the improved methods of operating. recently introduced, 
may be regarded as muriate of soda, in almost absolute chemical 
purity. The importance and value of the Salines in this vicinity, 
may be inferred from the fact, that about three millions of bushels 
of salt are now annually made from them, and that in the manufact- 
ure of this article alone, more than twice the quantity of coal is 
consumed every year than is furnished by all the coal mines of east- 
ern Virginia put together. This coal being procured from the hills 
adjacent to the salt furnaces, is obtained at comparatively little cost ; 
presenting an example of the fortunate adaptation of the resources 
of a region to each other, of which few equally remarkable are to 
be met with any where in the world. Enterprise incited by so 
happy acombination of advantages could not fail of bestowing pros- 
perity upon.a region which is thus blessed, and we, therefore, find 
throughout the whole extent of the valley, where the salt manufact- 
ure is pursued, and even over a wide extent of country connected 
indirectly with its operations, a degree of activity and industry and 
wealth, which we would in vain look for in our rural districts gen- 
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erally, and which when first beheld after quitting the wild and 
almost uninhabited regions by which the traveller from the east 
approaches the Kauawha, cannot fail to kindle in his mind a vivid 
sentiment of pride, astonishment and pleasure. 

A general structure in ail respects analogous to that presented in 
the portion of the profile last described, pervades the whole of that 
vast area of which the boundaries have been approximately stated 
in the beginning of this division of the report. But with features 
of strong general resemblance, it must not be imagined that local 
peculiarities do not exist in the different portions of this region, 
developing not only many objects of geological and curious interest, 
but also bringing to light many of the mineral treasures of which 
this favoured territory is possessed. There isno point of view, how- 
ever, in which the immeasurable riches of this region are rendered 
more obvious to our minds, than that of the uniform and continuous 
structure which has already been described. For, it is in these 
widely spreading strata of sandstone, that nearly all the boundless 
treasures of this country are enclosed, and the continuous character 
exhibited by them, gives the strongest possible assurance of a like 
uninterrupted extension of the various beds of valuable materials 
which they include. In this view, how magnificent is the picture of 
the resources of this region, and how exhilarating the contemplation 
of all the happy influences upon the enterprise, wealth, and intel- 
lectual improvement of its inhabitants, which are rapidly to follow 
the successive development of its inexhaustible mineral possessions. 
In a country where the channels of nearly all the principal rivers 
have been scooped out in part through beds of coal, where some of 
them are paved with the richest ores of iron, and where the very 
rock itself, the sterile sandstone of the cliffs and mountains, is en- 
riched at certain depths with abundant stores of salt, what more is 
needed to fulfil the happy and glorious destinies that await it, than 
to awaken enterprise to a due appreciation of the golden promises 
it holds out, and to direct industrious and active research to the 
thorough investigation of the character, position, and uses of the 
treasures it contains ? 


Note on the fertilizing efficacy of Green Sand, extracted 
Jrom the report on the Geology of New Jersey, by Pro- 
Jessor H, D,. Rogers: 


“Mr. Woolley, of Poplar swamp, Monmouth county, N. J., ma- 
nured a piece of land in the proportion of 200 loads of good stable 
manure to the acre, applying upon an adjacent tract of the same 
soil, his marl, in the ratio of about 20 loads per acre. The crops, 
which were timothy and. clover, were much the heaviest upon the 
section which had received the marl, and there was this additional 
fact greatly in favour of the fossil] manure, over the putrescent one, 
that the soil enriched by it was entirely clear of weeds, while the 
stable manure had rendered its own crop extremely foul. 
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‘¢ There can be no doubt that 20 loads of marl per acre must be 
regarded as an unnecessarily bountiful dressing, but computing the 
relative cost of the two manures when employed in the ratio above 
stated, we find a considerable disparity of expense in favour of the 
green sand. Placing the home value of farm-yard manure at 10 
cents for each two horse Joad, and that of the marl] at 25 cents per 
load, we have the expense of manuring one acre 20 dollars, of marl- 
ing the same 5 dollars. 

“Experience has already shown that land once amply marled re- 
tains its fertility with little diminution for at least 10 or 12 years, 
if care be taken not to crop it too severely ; while with all practica- 
ble precautions, the stable manure must be renewed at least three 
times within that interval, to maintain in the soil a corresponding 
vigour.” 





Proposed Plan of the Geological Survey. 


The survey should aim at three principal results, each of which 
is essential to a proper development of the native mineral resources 
of the state. 

First, the production of a report descriptive of the minute geol- 
ogy, practical and scientific, of all parts of the state. 

Second, the construction of a geological map and a series of ac- 
companying sections or profiles, both necessary to a proper exlibi- 
tion of the geology of the region, and capable of conveying a fund 
of useful information, which no mere report can. 

Third, the formation of a cabinet designed to exhibit the min- 
eral materials described in the report, and represented on the map 
and sections. 

As a mere description of the geology of a country, if unaccom- 
panied by a map and sections, can convey only a very imperfect idea 
of the structure and relations of its formations, it becomes necessary 
to have the geographical map as accurate as possible, inasmuch as 
errors in this will vitiate more or less the geology. The proper 
basis on which to lay down a geological survey is a minute topo- 
graphical map, the production, however, of which at the present 
time, would be too tardy and too costly. The existing state map 
being very inaccurate in various points, which, if retained in the 
geological map, might lead to serious practical mistakes, one duty 
of this survey should be to rectify such portions of the topography 
as must be corrected previous to laying down the geology. This 
implies a certain amount of topographical duty, which it is designed 
to perform only when rendered necessary by the demands of the 
geological survey. 

To the topographical branch of the survey might be attached 
two or three extra duties, some of which would greatly promote the 
strictly geological part of the survey, and in like manner augment 
largely our stock of useful information upon the internal resources 
of the state. One should be to procure numerous barometrical 
observations of the heights of our mountains, more especially the 
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gorges and passes over which roads may from time to time be car- 
ried. Another ought to embrace a set of observations on the drain- 
age or water power of the several hydrographic sections of the state. 
This would act usefully in all suggestions for canals, and also tend 
to the development of manufacturing enterprise. 

A general plan only can be given, according to which it would 
be most eligible to enter upon the. geological researches, for the 
movements of those engaged in the survey must be shaped to a con- 
siderable extent by the geological relations of the several districts 
of the state as they are brought to light. It is deemed proper that 
the first seasons be taken up in part in a general exploration of -all 
the principal regions of the state, and in part in a detailed investi- 
gation in asystematic order of each class of formations. In this way 
a multitude of valuable facts easily reached, will be brought to light 
by the earliest possible day, and the regular execution of the state 
map will be in progress from the commencement of the survey, and 
its ultimate completion greatly expedited. 

It is proposed to connect with these general examinations, a 
mass of chemical investigations, intended to be of immediate appli- 
cation in the employment of the materials brought under review ; 
also to render annual reports upon such points of the survey as are 
more pressingly wanted, and which are capable of being completed 
in a single season, reserving the minute and comprehensive descrip- 
tion of the whole geology of the state for a general final report. 
These annual and specific reports can be accompanied by sections 
across the strata, the execution of which is compatible with much 
less time than is essential to the construction of the geological map. 
In this way much definite knowledge can be disseminated without 
waiting for the final completion of the enterprise, and the map will 
be greatly benefited by the investigations auxiliary to these profiles. 

The facts, and general views of the geological structure of the 
state, brought to light in the reconnoissance, enable one to suggest 
nearly the directions most proper for the principal sections or pro- 
files across the formations of the state. 

It is proposed to make one lie between the Potomac somewhere 
near Alexandria and the Alleghany mountain near Cumberland ; 
another from the Atlantic across the Eastern shore and the Chesa- 
peake bay, at a point between the Potomac and Rappahannock rivers, 
to reach to the Ohio river near Fishing creek; a third to stretch 
from the Chesapeake bay between the York and James rivers to the 
Ohio near the mouth of the Little Kanawha; a fourth to commence 
at the North Carolina line between the Chowan and Roanoke riv- 
ers, and to follow the general line of the Great Kanawha to the 
Ohio; a fifth to stretch from the North Carolina line, at some eligi- 
ble point in Patrick county, and to meet the former section at the 
mouth of the New river; a sixth to reach from the same state line, 
somewhere in Grayson county, to the valley of the Guyandotte 
river, and to pursue the general direction of this to the Ohio.* 

* See sections on Geological Map of Virginia and West Virginia, by 
William B. Rogers, edited by Jed. Hotchkiss, C. & M. E, 1888. 
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The detailed location of these six great lines will be made to de- 
pend, in great measure, on local features, and the exigencies arising 
out of the peculiar geology and geography of each belt of country 
to be traversed. Their positions have been chosen with a view to 
intersect the greatest number of strata practicable, and the most 
advantageous directions for exposing the formation of every geo- 
logical subdivision of the state. Al]l the principal ridges are crossed 
nearly at right angles, and an eye has been had to the greater facili- 
ties for investigation afforded by the valleys of the large rivers. 

As before said, the survey of the zones of country lying along 
the sections, makes but a portion, and rather a preliminary portion, 
of the whole survey. In the construction of the map, and the de- 
tailed examinations of the systematic survey, the wide tracts of 
country included between these profiles, would require to be mi- 
nutely traversed, especially in the longitudinal direction of the strata, 
to ascertain and depict their boundaries. 

A correct knowledge of any region, sufficiently thorough for 
practical purposes, can only be attained by running from one forma- 
tion to the neighbouring ones, crossing their boundaries repeatedly 
in a zigzag course, so as ultimately to cover the whole surface with 
a network of lines more or less close, according to the degree of 
intricacy in the geology of each district ; influenced too by the value 
of the mineral contents of the strata. 

It is proposed that the state cabinet, which is to grow out of the 
survey, should be deposited in a suitable apartment in the capitol, 
accessible to any citizen of the state, seeking the valuable local and 
specific information which can only be derived from a collection of 
specimens. 

It is contemplated to commence the formation of the cabinet 
forthwith ; that is to say, to accompany each annual report with a 
suite of specimens illustrative of it—to be grouped according to the 
most natural order in. the mean while, and ultimately to receive a 
thorough systematic classification. 

The specimens ought to consist of the characteristic rocks of 
each formation, arranged as nearly in the order which they observe 
in nature as practicable; also the minerals, ores, marls, peculiar 
soils, organic remains, and other objects to which reference may be 
desirable by those engaged in agriculture and the arts, or by those 
who may study the mineral productions of the state, for less specific 
purposes. . 

As it is proposed to make a chemical investigation of the com- 
position of these materials an essential feature of the plan, the analy- 
ses given in the reports will be annexed to the specimens examined, 
that thus every one consulting the cabinet may know at the same 
time the external aspect, and the composition of a substance, capa- 
ble of useful applications. The analyses essential to this, not the 
least useful part of the survey, from the arduous nature of the task, 
Ange be confined to substances of more immediate interest and 
utility. 
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OF THE PROGRESS OF 


THE GEOLOGICAL SURVEY 


OF 


THE STATE OF VIRGINIA, 


FOR THE YEAR 1836. 


OFrFricE oF THE Board or Pusriic Works, 
January 2st, 1837. 


Srr, I transmit to you herewith, to be laid before the general 
assembly, the annual report required by law, of the progress made 
during the last twelve months by the state geologist, in executing the 
duties with which he is charged. 

The contents of this document bear ample evidence of the zeal, 
diligence and ability, which professor -Rogers- has brought to the 
task, and vindicate, even thus early in its progress, the wisdom of 
the interesting enterprise in which the state has embarked. In the 
tendency of the views presented by it to give a true direction to in- 
dividual adventure, by showing what it may be safe, what hazardous 
and what hopeless to undertake, we see the promise of a result of 
incalculable practical value to the community when these suggestions 
shall assume the character of scientific deductions based on an am- 
ple foundation of well ascertained facts. 

The picture it presents of the unlooked for extent and value 
(great as they were known to be) of the mineral resources of Vir- 
ginia, and the hopes it inspires of the early reanimation of her power 
and prosperity through the development of these resources, cannot 
be viewed by her citizens but with unmixed gratification. 

To realize at as early a day as practicable the important results 
fairly to be anticipated from the completion of the survey, will be 
readily admitted to be a matter of much public interest. In view of 
which, this board,,concurring in the reasons presented in the report 
for a more extended and efficient organization of the geological 
corps, beg leave respectfully to recommend the enlargement of it 
there proposed to the favourable consideration of the legislature. 

I have the honor to be, Very respectfully, 


Wynpuam Rosertson, 
President of the Board of Public Works. 


To the honourable the Speaker of the House of Delegates. 


REPORT. 


I beg leave to make the following report of the progress of the 

geological survey of the state during the past year. 
_ Proper assistants having been appointed, as provided in the law, 
the active investigations in the field were begun about the middle 
of April, and were continued without interruption until the begin- 
ning of November. During this time and nearly up to the present 
date, whilst not myself engaged in the task of exploration, the 
chemical researches connected with the survey have been steadily 
progressing under my immediate and constant superintendence. 

In aid of the field operations and as an important preliminary to 
the correct delineation of geological details upon the state map, the 
work of taking accurate copies of the county maps was begun early 
in the season, and has progressed so far as that at the present time 
more than fifty of these maps are ready for the uses of the survey. 

In the course of the geological investigations of the.season up- 
wards of twenty boxes of specimens were collected, illustrating the 
structure and the economical resources of the various districts vis- 
ited, and furnishing materials for analytical examination. 

In the prosecution of the work, each of the following regions 
was more or less the theatre of research. 

1st. The peninsula of the Potomac and Rappahannock rivers. 

2d. The counties bordering on the Rappahannock to the south. 

3d. The bituminous coal fields of Henrico, Goochland, Chester- 
field and Powhatan counties. 

4th. A portion of what is called the Gold region in the counties 
of Fauquier, Spotsylvania, Culpeper, Louisa, Orange, Goochland, 
Fluvanna and Buckingham. 

5th. A transverse belt of country extending westward from the 
neighbourhood of Fredericksburg to the vicinity of Moorefield in 
Hardy county. 

6th. The northern counties of the valley from the Potomac to 
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the neighbourhood of Luray and Newmarket, together with a por- 
tion of the adjacent mountain district to the west. 

7th. The counties of Washington, Wythe, Smyth, Montgomery 
and Grayson, in the south-west. 

In most of the districts above enumerated the investigations 
were conducted in the manner of a reconnoissance with the view 
of establishing a basis for future specific and accurate research, and 
it is important to bear in mind that from the diversified features of 
our geology and the almost total absence of any knowledge of it 
from previous investigation, such preliminary surveys in each dis- 
trict become indispensable to the successful and rapid prosecution 
of the minute enquiries which are to constitute the chief value of 
the survey. But while for the most part the operations of the past 
year were of the general character here described, in some districts 
the observations were carried into minute detail, and in all of them 
a great number of facts were gathered calculated to illustrate their 
geological structure and the nature and extent of their mineral re- 
sources. 

As, however, the exhibition of details at present would obvious- 
ly be incompatible with the design of ‘“‘the annual reports upon the 
progress of the survey” contemplated in the law—they will be re- 
served for incorporation in the final report—in the mean while hav- 
ing the benefit of a revision with the additional lights acquired in 
the prosecution of the work. 

In the first of the regions above indicated, the observations were 
very numerous ard minute. Nearly all the important exposures 
illustrating the geology and mineral resources of the peninsula were 
carefully examined; the strata observed in each being noted, and 
specimens retained for illustration and chemical research. The 
boundaries of the two divisions of the Tertiary, the Eocene, and 
Meiocene, were determined with all needful accuracy upon the Po- 
tomac and Rappahannock, and were approximately settled as to 
intermediate points. 

The disposition and nature of the beds composing the Meiocene 
in this portion of the state were found to be conformable with those 
of the peninsula of the James and York rivers, chiefly referred to 
in the report of the reconnoissance published last year. Here as 
well as in that region the bluish marls were found low down in the 
series of Meiocene strata, and a thin band of ferruginous rock or 
clay was generally observed to be interposed between them and the 
diluvial sand and gravel. Indeed so uniform is the position of this 
Jayer, in relation to the marl, that its discovery at any point would 
Surnish grounds for the strong if not confident anticipation of finding 
marl beneath. 

A large proportion of the marl beds of the Neck, containing car- 
bonate of lime in sufficient quantity to prove available in agriculture, 
are of the description which has just been noticed; at the same 
time strata in which the shells are mingled with sand and clay of 
various shades of yellow and brown are not unfrequent. A frag- 
mentary rock, consisting of broken shells cemented by carbonate of 
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lime, sometimes partially crystallized, and white pulverulent or 
chalky marls are also found. 

Of these the most abundant or blue marl though often present- 
ing the appearance of great richness from the number of perfect 
shells which it contains, has been found to be less charged with 
carbonate of lime than some of the other varieties. 

The mean of upwards of fifty specimens of this description 
which have been analyzed in the course of the season is 36 per cent. 
of carbonate of lime, and in few instances did the result rise as high 
as 40 per cent., while the light coloured rocky and chalky marls 
yielded a proportion more than twice as great. 

In general the upper beds of the Meiocene in this district were 
found to be destitute of fossils though full of their casts and im- 
pressions. These strata consisting for the most part of light col- 
oured sandy clays, frequently of great depth, are distinguished by 
a sulphureous smell, and often by an acid and styptic flavour. They 
rarely contain an appreciable amount of carbonate of lime, but are 
impregnated with sulphate of lime (gypsum), together with sulphate 
of iron (copperas), sulphate of alumina, sulphur, and sometimes 
even a sensible amount of sulphate of magnesia (Epsom salts). The 
acidity of these clays is often sufficient to make a pungent impres- 
sion on the tongue, and their sulphur is distinctly recognized by the 
characteristic odour exhaled, especially when they are heated. In 
many localities, as in the Rappahannock cliffs in Richmond county, 
the gypsum occurs in crystals of sufficient magnitude to be sepa- 
rated by the fingers, and sometimes in the attractive form of trans- 
parent Selenite, but its more usual condition is that of delicate silken 
crystals distributed through the mass and visible only upon close and 
attentive inspection. 

Numerous specimens, taken from strata of this kind in various 
parts of the Neck, presented a great similarity of composition, 
though not without much variation in the proportion of the gypsum 
and other ingredients which they contained, and like results were 
obtained from the analysis of the overlying and once fossiliferous 
beds in other places where the Meiocene marl occurs. The cause 
of the extensive destruction of shelly matter once embedded in these 
clays, was clearly traced to the sulphuric acid originating in the de- 
composition of sulphuret of iron, which permeating the beds of 
mar], converted the carbonate into sulphate of lime. This being in 
part retained, formed the crystals of gypsum now discovered in 
these strata; at the same time, that by the decomposition of the 
sulphuret, the sulphate of iron and other ingredients above noticed 
were brought to light; and the overlying layer of ferruginous rock 
or clay most probably owes its origin to the same source. 

The presence of gypsum in these beds suggests the interesting en- 
quiry as to how far they may become available in the agriculture of 
this and other regions similarly situated. Upon this point I shall 
embrace the present opportunity of a few brief remarks. Where 
they contain a considerable amount of this ingredient, say 10 per 
cent., and are impregnated with no injurious or counteracting agent, 


128 


no doubt can exist as to their beneficial influence upon the soil; 
and in such cases, besides the peculiar ameliorating effect of the 
gypsum, they would impart the further advantage of an improve- 
ment in the texture of the land. But asin most instances the pro- 
portion of gypsum does not exceed two per cent., and as it is 
blended with the other sulphates as well as free sulphuric acid and 
sulphur, ingredients which in considerable quantity are known to 
be destructive to vegetation, it would naturally be inferred that 
such materials, if not inert, must be actively injurious in their 
effects upon the soil. Experience too has seemed to give authority 
to this opinion, since when applied to the land, as in some cases 
these materials have been in considerable quantities, a diminution 
or even temporary loss of productiveness has ensued. Still, how- 
ever, it should be remarked that experiments thus roughly made, by 
no means justify any confident conclusion on the subject. The effect 
of such substances on vegetation must greatly depend on the guan- 
tity in which they are applied. When prodigally spread over the 
land, there can be no doubt that they inflict serious, though by no 
means irreparable injury. Such also is known to be the conse- 
quence of a redundant application of the ordinary calcareous ma- 
nures. But observation would seem to prove that, when sparingly 
employed, the materials referred to are productive of a very decided 
improvement. In many parts of lower Virginia these gypseous and 
acidulated clays, applied under the impression that they contained 
a useful proportion of green sand, have been found to impart new 
and surprising energy to the soil. 

Without entering upon the obscure question of the modus ope- 
randi of mineral substances, including calcareous manures, upon 
plants, we cannot doubt that in part, at least, their influence is that 
of directly stimulating the vital organs concerned in vegetable 
growth,—nor can we avoid believing that with plants as with ani- 
mals the number of substances adapted to produce this effect is far 
from being restricted to the few materials most commonly in use. 
We have the positive testimony of numerous experiments to prove 
that many substances of high chemical energy are capable in small 
quantities of favouring the growth of plants. 

Without, therefore, advancing any hypothesis as to the peculiar 
agency of the sulphates and other matters contained in these gypse- 
ous clays, or attempting a priori to pronounce upon their effects 
either as salutary or injurious, I feel sufficiently sustained by obser- 
vation in expressing it as my opinion that they will one day be made 
available in the agriculture of this region—and I would urgently 
suggest the importance of making careful experiments to determine 
the quantity in which they may be safely and advantageously ap- 
plied. But in all such trials let it be borne in mind that only small 
quantities of such of these materials as are strongly styptic and 
sulphureous should be employed. 

The Eocene strata of the peninsula are comprised in the district 
lying between a line connecting Mathias’s point on the Potomac 
with the mouth of Chingoteague creek on the Rappahannock, and 
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another and crooked line nearly coinciding with the eastern bound- 
ary of the sandstone formation in Stafford county. These beds were 
found to exhibit less uniformity of arrangement than those on the 
Pamunkey and James rivers, formerly described. In general, the 
lowest stratum is of a dark greenish blue colour, and those which 
lie above it have various shades of yellow, greenish grey and brown. 
In many instances the upper strata are devoid of shells, but replete 
with their casts and impressions, and with the exception of gener- 
ally containing a notable amount of green sand, are strikingly anal- 
ogous in composition to the gypseous and sulphureous strata of the 
Meiocene. To make the resemblance still more complete, a thin 
layer of ferruginous gravel or rock frequently overlies these beds, 
and forms the boundary between them and the Meiocene. 

This remarkable resemblance in the situation and character of 
the two, while it leads us to infer the action of like chemical agen- 
cies upon both, assures us of a similarity in their agricultural effects. 

The Eocene marls of the peninsula present much diversity of 
composition. Whilst in some localities the shelly matter forms a 
very considerable part of the mass, in others little or none of it 
occurs. The green sand often forms a prominent ingredient, and 
is in no case absent, though frequently the amount of it is very 
inconsiderable. Gypsum is also occasionally to be met with; and 
this as well as the other sulphates is not excluded from the beds 
containing shells. A minute analysis of some of the more impor- 
tant of these marls is now in progress, but the research is one 
requiring much time for its completion. 

It may be useful to state, that in general the shelly strata of the 
Eocene in this district do not contain more than from ten to fifteen 
per cent. of carbonate of lime, and that in many instances, where 
the shells are quite conspicuous, the proportion is less than one 
half of this. In the shell rock, such as occurs in several places on 
the Potomac, as much as eighty-two per cent. has been found. 

It would therefore appear, that while in some instances there 
is a sufficient amount of carbonate of lime in the mass to give it the 
character of a rather poor calcareous marl, the proportion of this 
ingredient in general is too inconsiderable to impart any high de- 
gree of agricultural value. For much of the benefit derived from 
the application of these substances to the soil we must look to the 
green sand, gypsum, and perhaps other ingredients which they con- 
tain. Experiments now in progress with some of the varieties con- 
‘taining little or no shelly matter, indicate decidedly beneficial re- 
sults; and there is but little reason to doubt that more extensive 
trials of these materials, conducted with judgment and caution, will 
confirm the views at present entertained of their capacity of being 
highly useful in agriculture. 

From the absence of shelly matter in the strata of Meiocene and 
Eocene above referred to, they have hitherto been considered as en- 
tirely destitute of value. The fact now made known of their con- 
taining, nearly in every case, a notable amount of gypsum, must 
therefore be looked upon as an interesting discovery, and should the 
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observations already made, upon the fertilizing effects of the mate- 
rial of these beds, be sustained by a wider and more varied ex- 
perience, our views of the agricultural resources of the eastern por- 
tion of our state will be greatly and cheeringly enlarged. Believing 
that such is to be the result of further experiments on the subject, I 
look with pleasing anticipation to the time when the invaluable 
shell marl of the country will not be without a substitute in those 
districts to which it has been denied, and. when almost every ravine 
in eastern Virginia will be resorted to for materials to improve the 
productiveness of the soil. 

The researches in the counties bordering on the Rappahannock 
to the south, were chiefly confined to an inspection of localities of 
mar] and the examination of the strata associated with it in several 
of the more important points. The numerous specimens of the 
Meiocene marl which were collected in the reconnoissance, have 
been submitted to analysis, and with the same general results as 
have been stated in regard to the marls of the Neck, the pulveru- 
lent and light coloured varieties always yielding a much larger per 
centage of carbonate of lime than the blue marl, and sometimes, as 
in the case of specimens from Mr, Oaks’s and other places in Middle- 
sex, amounting to about 80 per cent. Gypseous and sulphuretted 
clays were found here as in the Neck, and at some points imme- 
diately on the river the Selenite was discovered in conspicuous 
crystals. An analysis of some of these gypseous clays gave from 8 
to 10 per cent. of this ingredient. 

Before concluding this sketch of the investigations in the Ter- 
tiary region during the past year, it may be well to remark that in 
the event of an ampler organization of the means of exploration, 
urgently demanded by the survey, the revision of the ground already 
traversed will be aided by the employment of a boat built and 
equipped for the service. With such facilities, the exploration in 
districts hitherto unexamined, will be carried on with increased 
accuracy and speed. 

The researches which were made in the bituminous coal fields of 
Henrico, Goochland, &c. were in the first place directed. to the de- 
termination of the boundaries of the region in which the coal meas- 
ures occur. . With this view, it was explored by transverse lines, 
and throughout its entire circuit; but further examinations are re- 
quired to ascertain its extent and structure with the degree of 
accuracy necessary to represent it on the map. And before this 
delineation can be usefully made, the important errors in this por- 
tion of the map will require to be corrected. 

All the important workings for coal, together with a large num- 
ber of shafts or diggings of minor interest, were examined; but 
additional investigations are required to secure that exact knowl- 
edge of the complicated structure of these coal fields, which may 
serve hereafter as a guide to enterprises in this region. I feel safe, 
however, in remarking that the observations thus far made, whilst 
they indicate that the region containing coal-is more extensive than 
I had supposed—are calculated to strengthen the opinion that in no 
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part of the basin is the depth of the coal so great as from a view of 
the directions of its outcrop would be supposed—and if, as is proba- 
bly the case, the floor upon which it rests is of so undulating a 
figure as in some measure to divide the region into several basins— 
there is a reasonable hope of reaching this mineral at comparatively 
moderate depths even in the centre of the field. 

Although these coals have long been extensively in use for do- 
mestic and manufacturing purposes, no systematic investigation of 
their chemical composition has hitherto been attempted, nor have 
any just data been furnished for comparing them with the coals of 
other regions, either in this country or abroad. The minute inves- 
tigations on this subject in which I am now engaged, have already 
made me accurately acquainted with the composition and heating 
powers of upwards of twenty of these coals, and I feel no hesitation 
in saying, in view of these results, that I am prepared to vindicate 
their claim to a very high rank in comparison with the coals of 
most other parts of the world. Without entering into details, it 
may be useful to state that in the specimens hitherto examined the 
amount of bituminous matter varied from 27 to 38 per cent. of the 
whole, the ash in general from 2 to 5, and that the combustible 
value or heating power of the several specimens, as determined by a 
very perfect process—is represented by an amount of pure charcoal 
from 75 to 89 hundredths of the whole weight of the coal. 

Whilst referring to the valuable character of these rich deposites 
of bituminous coal, I am anxious again to call attention to the Jron 
ores which accompany them in several places. Since the former re- 
port, in which allusion was made to the probable importance of 
these ores to the manufacturing industry of eastern Virginia, sev- 
eral specimens have been submitted to chemical analysis, and from 
the results obtained, the really valuable character of the ore may be 
considered as satisfactorily established. 

A specimen of Hematitic ore from the neighbourhood of Trabue’s 
pits in Chesterfield, gave in the 100 grains the following ingre- 
dients: 
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The existence of this mineral in immediate contiguity with the 
coal is a fact of such obvious importance, that no commentary is 
needed to make it deeply interesting to persons of capital and enter- 
prise, who may be concerned in developing the resources of this 
portion of the state. 

In that portion of what is called the gold region of the state in 
which research was prosecuted, all the important openings were vis- 
ited in which the precious metal is or has been obtained. Many 
circumstances of practical and scientific interest connected with 
each of them were noted, and suites of illustrative specimens pro- 
cured. But much additional observation is required before it will 
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be safe to speak confidently of the geology of these veins or to pro- 
nounce upon the extent to which they are likely to contribute to the 
resources of the state. 

I would not have it inferred from these remarks, that any unfa- 
vourable impression as to the ultimate value of our gold mines, has 
grown out of the various facts relating to them which have been 
thus far collected. On the contrary, I am still of the opinion that 
the working of the innumerable auriferous veins of this wide region 
is destined to become an important branch of the systematic indus- 
try of the state. And whilst I would deprecate those overwrought 
anticipations of their productiveness which the brilliant develop- 
ments occasionally made are calculated to inspire, I would give a 
sober encouragement to the enterprise and capital which they 
attract, believing that in many instances these veins have that 
wholesome degree of fertility which is capable of giving to indus- 
try a steady incentive and a reasonable reward. 

In exploring the belt of country referred to under the 5th head, an 
approximate profile was constructed extending from Fredericks- 
burg to Moorefield, exhibiting many of the important features in the 
structure of the intervening region. The country on both sides of 
this line was examined rapidly though with considerable minute- 
ness, excursions for specific objects being made as far as the Poto- 
mac on the one hand, and to the remote parts of Culpeper, Rappa- 
hannock and Orange counties on the other. 

The valuable strata of freestone which overlie the primary rocks 
near the lower end of this line were inspected at various localities, 
near Fredericksburg, below this city on the river, and at several 
points in Stafford county, and it is believed that some useful views 
were attained with regard to the geological character of these beds 
as well as the circumstances under which they furnish the most 
durable material for building. 

Beyond this to the west, the primary rocks, the slates of the gold 
region, together with the iron ores occurring in them, and the nar- 
row belt of Talcose limestone which shows itself on the Rapidan, 
(Rapid-Anne,) at Mountain run, and other localities were succes- 
sively observed. The limestone here referred to is a continuation 
of the narrow belt which appears between Lynchburg and Scotts- 
ville on the James river, and is laid bare at various points in Al- 
bemarle and Orange. <A fragment from the cliff at Mitchell’s ford 
on the Rapidan, (Rapid-Anne,) yielded in the 100 grains 81.81 
grains of carbonate of lime, thus vieing in purity with the lime- 
stones of the Valley—and indicating the advantages which might 
be conferred upon the soil of the neighbouring country by the use 
of such lime as it would furnish. The iron ore from the site of the 
old works at Chancellor’s, was examined and found to be of good 
quality. 

At ashort distance to the west of Germanna ford, commences 
the region of calcareous shales and sandstones. This, though of 
considerable breadth, and extending from the Potomac southward 
through Orange county, and probably, with some interruptions, far 
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into North Carolina, constitutes an important feature in our geology 
to which little or no attention has hitherto been given. These shales , 
and sandstones were traced in Fauquier, Culpeper, Rappahannock, 
Orange, Prince William and Loudoun counties, and the interesting 
fact determined that the Potomac marble constitutes one of the beds 
of this series of sedimentary rocks. A calcareous and very mixed 
conglomerate, similar to that of the Potomac, was found near the 
eastern flank of the Bull Run mountain, continuous with the quar- 
ries upon that river. In topographical features and character of the 
soil, as well as in geological structure, this region bears a striking 
resemblance to what are called the red shale lands of Pennsylvania 
and New Jersey. In no district of the state is the connexion be- 
tween the nature of the prevailing rocks and the qualities of the 
soil, more strongly marked than here. The red slaty sandstone, 
containing a considerable amount of carbonate of lime, imparts pro- 
ductiveness to the adjacent red soil, while the more siliceous rocks 
are marked by the sterile character of the fields where they are ex- 
posed. In some of the gray micaceous sandstones of a coarse text- 
ure, such for example as are seen in the neighbourhood of Clover- 
land near the base of the Bull Run mountain, I discovered visible 
crystals of carbonate of lime, and found the rock in general to be 
quite calcareous. Hence the rich growth of clover which adorns 
the fields, and the luxuriant vegetation which springs up among the 
debris of the quarries. 

A curious feature in the composition of some of these rocks is 
the presence of the green carbonate andthe sulphuret of copper. 
This fact, which appears to have been observed at a very early 
period after the settlement of the country, has unhappily kept alive 
the hope of discovering in these shales veins of a workable copper 
ore, and has led to repeated enterprises in mining, from which no 
really profitable result appears ever to have been derived. Most of 
the openings, either ancient or modern, have disclosed nothing more 
than a calcareous shale slightly filmed with the green carbcnate, and 
making in some cases a superficial show of richness where analysis 
discovers only an insignificant amount of the enticing mineral. 

The specimens of the sulphwret of copper found in several places 
are frequently of a very favourable character, but no indications can 
be discovered of its being present in sufficient quantity to justify the 
erection of works for smelting. 

In this series of rocks there occurs a blackish slate marked with 
the impressions of fossil vegetables, and containing much bitumi- 
nous matter and thin seams or rather films of coal. Similar impres- 
sions are abundant also in some of the other associated beds. — In- 
deed, the general aspect of the rocks of this district is at first view 
not unfavourable to the idea that it embodies valuable fields of coal. 
But while I would by no means assert that seams of this mineral of 
one or two inches in thickness may not occasionally be found, J can- 
not think it probable that any vein of workable extent will ever be dis- 
covered among these shales. 

Besides the belt of limestone already referred to as seen on the 
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Rapidan or Rapid-Anne in the Jine of our section, another narrow 
_ ledge is found in Fauquier and Loudoun counties, to the west of Cat- 
octin and Bull Run mountain, and widening as it approaches the 
Potomac. This rock, which is well adapted to the making of lime, 
is in some places burnt for that purpose, but it is painful to re- 
mark, here as in other. places similarly fortunate in position, how 
little benefit is reaped from the possession of a resource of such 
high agricultural utility. 

In many parts of the Blue Ridge in the neighbourhood of the 
transverse belt whose general characters I am describing, virgin cop- 
per and the green carbonate have been discovered in thin veins and 
small masses in the body of quartzose and epidotic rock. In the 
neighbourhood of Stoney Man, one of the loftiest and wildest of the 
peaks of this range, near Swift Run gap, and at several other points, 
small specimens have been picked up, and their richness both in the 
metal and its carbonate have inspired the sanguine with a confident 
belief of the existence in the bosom of the mountain of treasures of 
this nature of exhaustless extent. But in regard to all such antici- 
pations it should be borne in mind that the guantity is not less im- 
portant than the quality of the ore to stamp it with real value, and 
that until far more minute and extensive researches in regard to 
these ores have been made in the localities where they are found 
than have ever hitherto been attempted, it will be impossible to have 
any grounds for judging of their extent, and it will be as unwise as 
hazardous to engage in expensive schemes of mining on their account. 
Yet I would not have it understood that such researches are to be 
considered as hopeless or inexpedient. I would rather rejoice to 
see investigation active, at the same time that in duty to the public 
interest I would caution against that precipitate and over-sanguine 
spirit which will not wait for deliberate research—a spirit which in 
no instance is more likely to terminate in loss and disappointment 
than when excited by objects of this nature, involved as they must 
be, even to the diligent scientific explorer, in unavoidable obscurity 
and doubt. 

In the counties of the valley and in the neighbouring mountains, 
the researches were of a character deeply interesting to the progress 
of the survey. After much toil and perplexity, occasioned by the 
rugged features and complicated structure of the mountainous dis- 
tricts which were examined, the true relations of the rocks and min- 
erals of this portion of the state were satisfactorily .determined. 
The discovery of a key to the intricate geology of the region west of 
the valley as connected with that of the valley itself, must .be re- 
garded as a result of the highest practical as well as scientific inter- 
est. Such a guide having been obtained, the researches in this most 
difficult field of investigation may be expected to progress with cer- 
tainty, accuracy and expedition. For this important general result 
I am largely indebted to the services of my chief assistant, Professor 
H. D. Rogers, who, connecting the survey of Pennsylvania, of which 
he has the chief direction, with that of the contiguous portions of 
our state, has been enabled to throw new and valuable lights upon 
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this and other difficult points in our geology, until now entirely mis- 
understood. 

In connexion with these general investigations, which were indis- 
pensable as preliminaries to the minute research essential to the pro- 
duction of a geological map of the Appalachian region, various im- 
portant observations were made in regard to the limestones, iron 
ores and coals of the valley and mountains to the west. Numerous 
specimens of each of these materials have been subjected to chem- 
ical examination, and from the mass of results thus obtained valua- 
ble light has been shed upon their nature and useful applications in 
all the varieties of form and composition in which they occur. 

A brief statement of some of the geological and chemical results 
thus far obtained, will serve to illustrate the momentous practical 
bearings of the investigation in progress in this region, and to dis- 
play, in a new and gratifying point of view, the vast extent and 
value of its mineral treasures. 

Of the twelve rocks, each marked by certain distinctive characters, 
composing the mountains and valleys of this region, it has been deter- 
mined that at least eight are accompanied by beds of iron ore. Each 
ore has distinctive marks by which it may be recognized, and pecul- 
iarities of composition, fitting it for certain uses to which others 
would be less happily adapted. Thus, in the quantity and variety 
of this material in all its valuable forms, our state is now proved to 
have no rival, unless, perhaps, Pennsylvania may be such. Looking 
to the immense extent of the region over which these rocks are 
spread, and to the structure of its mountains and valleys—bringing 
to light at various points each of the twelve principal strata which 
it comprises—freighted, in great part, with the most inestimable of 
metallic products, it becomes evident at once that the topography of 
the rocks and mineral resources of this region, as will be exhibited 
in the general geological map, is destined to bestow upon it a new 
and almost unhoped for interest. With such incentives, and with 
such a guide, enterprise directed to this portion of the state can 
neither falter or be disappointed. Anticipation confiding in the 
certain deductions of cautious scientific research already begins to 
sketch the gladdening picture of successful industry—crowding 
population and wide-spreading improvement, which at no remote 
day, it will be its happy lot to realize. 

The coals of this region were examined at numerous points 
from the Potomac to the neighbourhood of the Tennessee line, and 
although much additional investigation is required to ascertain the 
number and extent of the workable seams of this mineral, enough 
has already been done to satisfy me that they will, ere long, be re- 
garded as one of the most valuable resources of this part of the state. 
On a former occasion I adverted to the peculiar adaptation of some 
of these coals in the raw state, to the manufacture of iron. The 
analysis of specimens from several localities, not visited before this 
season, indicates a composition admirably suited to this use. As 
examples of coals of this description, I will refer to the three fol- 
lowing: 
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1st. The semi-bituminous coal, from Thom’s creek and Strou- 
ble’s run, in Montgomery county. This consists of 


RPE OE no i of on sr 93) cede seks 1 Sa 80.20 
PAECOIMGD  O0., coolot, ya ope a oa 206 ogg a 13.60 
PASO, ovals soles ot «be eee eee a ake 6.20 


The combustible value or calorific power of 100 parts of this 
coal is equivalent to that of 92.5 parts of carbon. 
2d. Semi-bituminous coal from near Lewisburg. This consists of 


Garbons fies VE oS, SO ae 78.84 
Bitumen, dee., 3." 0. oe ee, Dee 14.16 
ABR DOs. ele Ve? A Se 7.00 


The calorific power of 100 parts of this coal is equivalent to 
that of 87 parts of carbon. 

3d. Catawba semi-bituminous coal—Botetourt county. This 
consists of 


Carbon, ive asia 59's. odes Seoiepee aii nae ena 78.50 
Bitaumen,) « 254-04 \«se vase 16.50 
Ash, ic; «as. «habe o6laoghe 6 is iain 5.00 


The calorific power of 100 parts of this coal is equivalent to 
that of 89.4 parts of carbon. 

These and similar results obtained with regard to specimens 
from other localities in the Appalachian region, illustrate the fitness 
of these coals for the manufacture of iron, a quality which must be 
Jooked upon as giving them incalculable value, when their immedi- 
ate vicinity to inexhaustible supplies of the ore is taken into the 
account. 

The vast advantages in point of economy resulting from the 
employment of the raw coals of Wales, Scotland and France, in the 
smelting of iron ores, though not unknown in this country, appear 
as yet to be but imperfectly appreciated. It may therefore be prop- 
er to remark, that wherever in Europe, coals of the proper charac- 
ter can be obtained, they are preferred to every other material used 
for this purpose. It is surely greatly to be desired that a trial were 
made of our semi-bituminous coals in the smelting furnaces, since by 
the result of a successful experiment of this kind, if carefully per- 
formed, anew impetus would be given to the manufacture of iron 
in Virgina. At the same time, the importance of applying the hot 
air blast, especially in connexion with the use of these raw coals, 
cannot be too urgently insisted upon. The large mass of experience 
collected of late years in Great Britain, as well as on the continent, 
‘conclusively demonstrating the great economy of this process, and 
the very general disposition in Europe to adopt it wherever prac- 
ticable, ought to furnish a sufficient inducement for its introduction 
here ;- ‘and since, as Berthier has shown, its advantages are aug- 
mented by connecting it with the use of raw coals, an especial mo- 
tive is presented for its adoption in the furnaces of the region of 

“which I am at present treating. Should these improvements be 
brought into extensive operation, as in process of time they most 
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assuredly will, the prosperity of this vast and almost forgotten por- 
tion of the state, will outstrip any thing that the imagination of its 
present inhabitants can conceive. What surer foundation for the 
permanent wealth and power of a community can be found, than 
the stores of coal and iron embosomed in the rocky strata of its hills 
and valleys, and what more efficacious stimulus to the mechanic 
arts, to industry in general, and to the advancement of all practical 
and profitable knowledge, than the multifarious pursuits linked with 
the manufacture of iron? 

Of the limestones of the valley, numerous specimens have been 
analyzed, with the view of determining the peculiar composition of 
each variety—a point of much importance in applying them to agri- 
cultural or other uses. A sketch of some of the results of this in- 
vestigation, which is still in progress, may here be fitly introduced. 
I find that the carbonate of magnesia is a much more abundant and 
common ingredient in these limestones than has hitherto been sus- 
pected. All the rocks already tested as hydraulic cements, contain 

-a large proportion of this substance. I have become convinced that 

a great number of the magnesian limestones of the valley possess 
the property of hardening under water, and I am at present en- 
gaged in extensive experiments upon their qualities in this respect. 

The deep blue, almost black limestone of a fine grain and rather 
smooth fracture, which is commonly burnt for lime, contains only a 
slight trace of carbonate of magnesia. 

Its constituents are carbonate of lime, silica, alumina, protoxide 
of iron, and a trace of carbonate of magnesia, with a little organic 
matter. 

The amount of carbonate of lime usually present in this valuable 
rock may be seen from the following table of the quantity con- 
tained in seven specimens of this description procured in different 
parts of the valley. A great number of similar results might be 
added to the table from my minutes, which include the composition 
of more than thirty specimens, but the seven here given will suffice. 

| 2. 3. 4, A, 6. ‘bs 
— 86.3 83.4 85.2 87.5 82.9 83.6 82.8 

It appears from this that no great diversity exists in the quality 
of this rock in different localities. Taking 84 per cent. as the 
average quantity of carbonate of lime present in this variety, it is 
easily inferred from the composition of the carbonate, that each 
100 lbs. of the rock ought to yield 47 lbs. of lime. 

The dark dun coloured limestone of very close grain and semi- 
conchoidal fracture, is even more exempt than the preceding from 
carbonate of magnesia, and is richer in carbonate of lime. The 
specimens examined gave an average of 88 per cent. Accordingly, 
where it has been burnt, this rock has yielded lime of great purity. 

The limestone of a dull greyish blue colour and of coarse texture, 
contains a notable portion of silica and carbonate of magnesia, and 
has often the properties of a hydraulic cement. The following is 
the composition of one of several specimens of this variety which 
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were analysed. It was obtained from a hill one mile north of 
Staunton. One hundred grains contain 


Carbonate of lime; iiss... ea, PP PG 49.50 
Carbonate of magnesia,....../......0..0.00... 33.87 
Silica ws Loh 20s ALS Orod ee Ae 7.50 
Ox. irdnvand: alumina) yO. Re ae 2.83 


The rock of a light greyish blue colour and of very compact text- 
ure, almost always contains a large proportion of silica as well as 
carbonate of magnesia. The hydraulic lime made at Shepherds- 
town is generally procured from this rock. The following is the 
composition of a specimen of this kind from Reynolds’s quarry. 
But it is to be observed that even from this neighbourhood the 
cement rocks exhibit a great diversity in the proportion of their 
constituents. One hundred grains contain 


Carbonate of lime, .!s. sam teem oo eae oe aes 82.17 
Carbonate of magnesia,.|.s .)¢ «hawws ener od? 18.36 
SUiGays + jruc suele gorewh Js + .coyeere aii aeeetenemee 
Ox, \iron, ands alumina. «.s). ades pega «gas Jee ¥e 4.17 


The rock to be used in preparing cement for the locks of the 
James river canal is of this kind. It is obtained in Rockbridge 
county, and contains 


Carbonate Of ‘lime, . ©. .s.. eo cee ea 38.33" 
Carbonate of magnesia,.”... «2a site pean 16.30 
SLLCH sg eee sss ph sc ens » 6 orien Ce 36.60 
Oxiton and’aliinina’...:.....-e aan oe 6.33 


It will appear, from what has been stated in regard to the aspect 
of the several varieties of limestone above described, that any care- 
ful observer may in general distinguish between those rocks which 
are magnesian and those which arenot. This is a matter of no small 
importance, especially in the agricultural employment of the lime, 
since if not actually injurious, as was once supposed, the magnesia is 
at best an inefficient substitute for lime. Moreover, the rocks con- 
taining it are more difficult to burn than the others, and unless when 
hydraulic, the lime they yield is not so well adapted for mortar. 

The great abundance of the dark blue limestone, so admirably 
suited to the uses of the farmer, holds out a strong inducement to 
the employment of lime upon the soil. In my former report I 
attempted to remove the iistaken impression, that the land of 
limestone regions is already sufficiently imbued with calcareous mat- 
ter, by appealing to the results of analysis; and I would now repeat 
the observations then made, as having been confirmed by further 
examination. 

There cannot be any fact in practical agriculture more clearly 
proved than the beneficial action of lime upon the soil of limestone 
regions, such as our valley. Why then is it not extensively used 
by the farmers in that portion of the state? With so sure and in- 
exhaustible a means of improvement, (everywhere around them) 
every hill and valley might be made productive. This is one day to 
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be the result of the systematic and general use of lime, aided by an 
improved scheme of agriculture. But I would gladly speed the 
progress of amelioration, by pointing to the invaluable resource 
which nature has provided for the improvement of this country, and 
by expostulating earnestly, on grounds of science and experience, 
with those who are disposed to neglect the boon. 

The reconnoissance of the south-western counties embraced a 
rapid examination of parts of Grayson, Wythe, Montgomery, Smyth 
and Russell, and included a more detailed investigation of the lead, 
plaister and salt of this region. 

The lead mines are situated near Cripple creek, about four miles 
from Poplar camp furnace, in a direction a little south of west. 
They are within half a mile of the south bank of New river, and 
about one and a half from the base of the Poplar camp or Iron 
mountain. The ore occurs in a siliceous limestone generally of a 
white or grey colour, though sometimes blue. The veins are irreg- 
ular in dip and direction, frequently turning very abruptly, and 
sending off leads or branches. On either side of the ore, the en- 
closing material continues of a soft texture as far as the walls of 
limestone enclosing the whole, which vary in their distance from 
each other. On the upper side of the vein is generally found a red- 
dish clay. On the lower side is a firmer material containing crystals 
of phosphate of lead and other matters. This the workmen here as 
in Europe call clinker, and they reject it as of no value. 

The vein proper is in general twelve inches thick, and contains 
the following ores of lead: 

1. Compact sulphuret or blue ore. 

2. Compact carbonate or grey ore. 

3. Crystallized carbonate—or Cat’s tooth. 

4. Mixture of carbonate and oxide—brown and red ore. 

5. Finely divided sulphuret—black ore. 

The sulphuret or blue ore occurs only in some parts of the vein 
in irregular masses or cups as they are called, and does not occupy 
one half of the productive portion of the vein. The other ores oc- 
cur along side of it and are mingled with it. The adjacent limestone 
is sometimes in a soft and crumbly condition, and curiously spotted 
—sometimes in the form of a beautiful white spar containing crys- 
tals of cubical galena. 

There are six openings at present wrought, each having drifts 
below the surface at various depths from 30 to 120 feet. These are 
all comprised within a space of less than 150 yards square. To the 
S. W. are numerous pits from which ore was extracted in former 
years. The entire distance through which the lead has been traced 
and wrought in this vicinity is about half a mile. The general 
direction of the veins is nearly N. E. and S. W. One of the same 
description has been found at several points to the N. E., and among 
others at Mr. Sawyers’, on Reed creek, about 7 miles from the 
mines. Blue ore has also been found in small quantity on Mr. 
Graham’s land, at an equal distance, in a due north direction. 
Whether a valuable amount of the ore exists at either of these places, 
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or in any of the numerous localities in other and distant parts of 
the valley in which specimens have been discovered, it is impossible 
to say without much further investigation. 

The extent of the workable ore, at the mines just described, ap- 
pears from the indications observed, to be very considerable, and it 
were greatly to be desired that a systematic mining of these veins 
were undertaken upon a scale commensurate with their value. At 
present a wasteful method of excavation is threatening serious 
injury to the interests of future mining operations in this region, 
and if persevered in, will destroy the usefulness of many portions 
of the veins now worked by rendering them almost inaccessible or 
incapable of being farther wrought. 

In the operation of washing at what are called the Buddles, 
though conducted more judiciously than the mining—there is evi- 
dently a larger proportion of useful material carried off than ought 
to be allowed to escape. This fact I ascertained by an examination 
of the ochreous earth deposited by the stream at some distance be- 
low the Buddles. 

The position of the veins in a hill near the south bank of the 
New river makes it obvious that a tunnel driven through the base of 
the hill into the veins, would afford great facility to the operations 
under ground, whilst it would open up a great extent of the ore and 
would dispense with the expensive and inefficient process of raising 
* the ore in buckets. By locating the Buddles and the furnaces at 
the mouth of such an adit, a combination of advantages would be 
secured. It is estimated that 25 per cent. of the material as it is 
procured in the crude state from the mines, is removed by washing 
at the Buddles, and that 100 lbs. of the rough or 75 of the washed 
ore will yield 50 lbs. of metal. A result so very high ought to in- 
vite attention to this interesting region, especially when it is con- 
sidered that this is the only available body of lead ore in any of the 
Atlantic states. , 

The fact that by far the larger portion of the lead which 
these mines furnish is carried in wagons to Baltimore, is a strik- 
ing proof of the lucrative nature of the manufacture, and strongly 
indicates the benefit which in reference to this product, the pub- 
lic may be expected to reap from the extensive works of improve- 
ment which have been so wisely projected in this portion of the 
state. 

The Plaister banks, in the North Holston and Walker’s creek 
valleys, are another of the gifts which liberal Nature has bestowed 
upon this favoured region. The geological structure of the valley 
of the Holston is fraught with peculiar interest. After descending 
the northern slope of Walker’s mountain, we come in view of the 
lofty limestone hills forming the southern boundary of the valley, 
and taking our station upon some elevated knoll, we see spread out 
before us a scene of singular variety and beauty. Hills of limestone 
apparently arranged in rows, presenting conical and rounded ont- 
lines of surprising symmetry and elegance, are stationed along the 
valley at nearly equal intervals. The rich verdure that spreads to 
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their very summits, darkened by the thick foliage of the sugar trees 
growing on their steep sides, softens the picturesque wildness of 
the landscape and conveys the idea of a soil of exuberant fertility. 
In the three first ranges of these hills the southern dip of the rocks 
in Walker’s mountain and the intervening country is preserved, but 
nearer to the river the limestones are seen dipping in the opposite 
direction. The anticlinal axis marked as occurring in a black slate 
is in the immediate vicinity of the plaister banks and the wells from 
which the brine is obtained. This axis extends far to the east and 
west, and constitutes an important feature in the geology of this 
region. The plaister has been found along this valley and in that 
of Walker’s creek which joins it to the east, for a distance of about 
40 miles. Whether it extends in the latter direction beyond the 
termination of this line cannot as yet be known,—but even should 
it not surpass this limit, the value of the deposit would baffle cal- 
culation. _ It does not occur as is sometimes supposed like the other 
rocks of the country, in a regular stratum having a fixed relation to 
the rest, but in masses of irregular form embedded in dark coloured 
or ochreous clays. These masses are often of enormous magnitude, 
and are either partially exposed at the surface. or covered with a 
variable depth of earth. The excavation at M’Call’s quarry, which 
is nearly all in solid gypsum, is about 25 feet deep, 50 feet long, and 
15 wide, and from borings it would appear that this solid mass of 
gypsum is more than 100 feet in depth. In the neighbourhood of 
Buchanan’s banks in the valley of Walker’s creek, extensive expo- 
sures of it occur upon the surface, but no very large excavations 
have yet been made. Small openings have been made at various 
other points, and though the plaister has always been found in great 
abundance, the want of capital has prevented extensive operations 
from being attempted. 

Some idea may be formed of the immense amount of gypsum 
contained in these valleys, from the fact that in the borings for salt 
water which have been frequently made near the Holston, fragments 
of this rock have been brought up from the depth of 700 feet. In- 
deed, there seems to be every reason for believing that it extends to 
great depths throughout a large portion of the region in which it is 
found—sometimes in masses of enormous dimensions, and some- 
times in small fragments and thin beds, mingled with ochreous clays 
and decomposed pyritous slate. 

In speculating upon the origin-of the gypsum of this region, 
the readiest explanation that suggests itself is that which ascribes 
its production to similar causes with those which gave birth to the 
gypsum of the Tertiary strata of lower Virginia. It has been in- 
cidentally remarked above, that pyritous slate occurs in fragments 
mingled with the gypsum and clay at the salt wells and other places. 
Supposing the valley to have once been filled with the debris of 
this slate and of the neighbouring limestones, we would have all 
the materials brought together which are necessary for the produc- 
tion of the gypsum, while the slate after decomposition would be- 
come the clayey matrix in which the crystals would collect. This 
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view is rendered more probable from the occurrence, even in the 
midst of the solid masses of plaister, of fragments of the siliceous 
rock which skirts the valley on the south. It is at least certain that 
the gypsum has not been deposited here as in some other parts of 
the world, from the waters of Thermal springs holding it in solu- 
tion, since in that case it wouid be found disposed in layers as trav- 
ertin, and not in the irregular and scattered condition which has 
been described. 

The Brine springs constitute another valuable and interesting 
feature in the geology of the Holston valley. Of the stratum from 
which the salt water is derived nothing certain is thus far known, 
although speculations have not been wanting on the subject. By 
some it has been imagined that salt in the solid form exists at a 
great depth below the level of the wells; and this idea has been 
countenanced by the fact, affirmed by many, that granules of rock 
salt are sometimes seen in the water as it is pumped up. | On this 
point, however, it may be remarked that these granules might have 
existed dispersed through the mass of a saliferous sandstone, as is 
the case in some other parts of the world. Be this as it may, the 
borings and wells have never penetrated to a stratum such as is usu- 
ally the repository of the salt water, but have gone through succes- 
sive beds of blue and red clay and broken slate, all of them mingled 
more or less with plaister. The two wells now in use, King’s and 
Preston’s, are each 212 feet deep. They are very near each other, 
and are thought to communicate beneath, and are situated a little 
to the south of the anticlinal line before noticed. The water, raised 
by a steam engine, is conveyed in wooden pipes to the furnace, two 
miles distant, where, after the crude impurities have been suffered 
to subside, by allowing it to rest some time in large tanks or reser- 
voirs, it is transferred to the kettles. Of these there are five 
double rows, each containing 100 kettles, making in all 500. 30,000 
gallons of the brine are daily boiled down, yielding an average prod- 
uct of 1,000 bushels of salt, or one bushel for each 30 gallons. The 
sulphate of lime, which is almost the only impurity in this brine, 
for the most part adheres to the bottom of the kettles, and leaves 
the salt in a state of remarkable purity. At the same time sul- 
phurets are formed by the intense heat, which give a peculiar odour 
and flavour to the residual mass. No muriates of lime or magnesia 
exist in this brine. Hence it is free from dittern, and dries rapidly 
in the air. 

In the strength of the brine as well as its freedom from trouble- 
some impurities, these wells are scarcely excelled by any in the 
world. 

While all the salt manufactured here is of a very excellent qual- 
ity, there are three grades, distinguished by different degrees of 
purity. These are, 

1. The common salt, which is of a fine grain, dry, and not liable 

to deliquesce in moist air, but is a little discolored. 

2. The table salt, which is beautifully white and fine. This is 

made by very rapid boiling. 
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3. The alum salt, perfectly pure, in thin crystals of a satin lus- 
tre. This is formed by slow crystallization as the kettles 
cool. 

Looking to the alum salt now made in Kanawha, and the table 

salt above described, Virginia has just reason to be proud of the pre- 
eminence she has attained in this branch of manufacture. 





Feeling deeply interested that the work, committed to my super- 
intendence, may progress with all the speed compatible with minute 
accuracy both in regard to practical details and scientific deduc- 
tions, I have endeavoured to form an estimate of the shortest period 
within which it appears practicable to complete it, with the provi- 
sions of the act passed by the last legislature. The complex and 
more precise experience of the intricacies of our geology, acquired 
during the last season’s researches has led to a full conviction that 
with the present force it will not be practicable to bring the survey 
to a termination in a less time than twelve years; that is, without 
sacrificing that exactness.in research which must form its leading 
claim to confidence, and confer upon it all its utility. 

Early in the season it became apparent that further assistance 
was required, both in the laboratory and field, and accordingly at 
my own cost and responsibility another aid was engaged, whose 
labours in both departments contributed much to the advancement 
of the work. So that in fact the amount of duty, performed dur- 
ing the season, largely exceeded what could have been executed by 
the assistants authorized by the bill. 

During the whole period of field work, the utmost activity has 
been exerted by all engaged in the task, and scarcely any suspension 
of labour has been permitted on account of rain and other unfavour- 
able conditions of the weather. For nine months the chemical in- 
vestigations connected with the survey have been steadily progress- 
ing, occupying my own attention daily, and giving employment to 
one of my assistants during a considerable part of the time. 

Looking to the amount of work executed during the past season, 
both in the way of preliminary observation and detailed research, 
and guided by the knowledge, now obtained, of the extent of labour 
requisite for the completion of the survey, with a view to the accu- 
rate delineation of the geological details upon the map of the state, 
as well as the other important objects for which it was set on foot, 
I cannot hope, without a large addition to the corps of assistants, to 
progress with greater rapidity than during the past year. 

But it is unnecessary to remark that so tedious a prosecution of 
the work, and so long a postponement of the most valuable and in- 
teresting results which can only be properly made public at the 
conclusion of the survey, could not fail to prove injurious to the 
enterprise by diminishing the contidence of the public in the com- 
petency and activity of those employed. 

In requesting of the legislature an augmentation of the annual 
appropriation for the work, it should be distinctly borne in mind, 
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that by such an addition the total expense of the survey, instead of 
being increased, would be considerably lessened. Where several ex 
plorers can give their attention to the same formations in contiguous 
districts, each has the advantage, under a systematic combination of 
efforts, of being directed in his enquiries by the collective experience 
of the whole, and thus the investigations of each will be conducted 
with increased accuracy aud expedition. 

Another weighty inducement for adding to the number of the 
assistants to the survey arises from the expediency of making known 
as early as possible the resources which it. will develope—a consid- 
eration at no time more important that at present, when the min- 
eral possessions of the state are attracting the enterprise and capi- 
tal of the community, and when plans of public improvement of 
great magnitude, to the success of which the survey must be more 
or less auxiliary, are enlisting general interest. 

But besides this provision for an addition to the number of 
assistants, an increase will be required of that part of the appropri- 
ation set apart as a fund for the contingent expenses incurred in 
the operations ot the field and laboratory. Among the larger items 
demanding such a provision, may be instanced the expense of ex- 
ploring the rivers, creeks and inlets of the marl region by a boat 
properly constructed and equipped for the service, and of the trans- 
portation by an appropriate vehicle of the specimens collected in 
the numerous and distant localities examined; and I may add the 
expense incurred for the apparatus and agents required in the 
chemical department of the survey. 

It is conceived that the exigencies of the survey will be fully 
met. by an appropriation which will furnish two additional salaries 
for assistants, and an increase of one thousand dollars to the portion 
of the fund destined for the contingent expenses. With the means 
of prosecuting the work thus enlarged, it is readily demonstrated 
from the experience already acquired of the advantages of com- 
bined exertion in the field, that the work may be brought to a ter- 
mination in one half the time necessary for its completion under 
the organization at present provided by Jaw. Thus, while we as- 
sume twelve years for the time necessary with the means now at 
command, the entire expense of the survey will be about 60,000 
dollars, whereas, with the ampler provisions above specified, it will 
probably fall short of 50,000. 

Should the legislature accede to my views, and augment to this 
extent the annual appropriation, it will not exceed that contem- 
plated for the survey of the much smaller state of Pennsylvania, 
while it will be considerably less than one half of the sum devoted 
by New York to a territory of less extent, less intricacy of struct- 
ure, and less variety and fertility of mineral productions. I may 
be permitted to add, that in both of these states a separate assistant 
is furnished for the chemical department, though this aid it is not 
my intention to request. 

There are other inducements to recommend the course here 
proposed, which, though less weighty than those just presented, 
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are not wanting in importance when it is considered that the repu- 
tation of our state for patriotism and love of science is not without 
an interest in the progress and results of the survey. Impressed 
with the magnitude of the undertaking, it may not be unbecoming 
in me to remark that men of science in this country and abroad are 
looking forward to its completion with interest and curiosity. The 
responsibility thus incurred as the scientific investigator of the yet 
almost unexplored geology of our state, renders me still more de- 
sirous of obtaining such facilities for the execution of the work as 
will enable me to complete the numerous difficult researches, which 
it involves, ere the more interesting results can be anticipated by 
similar researches in some of the other states; and it increases my 
anxiety to execute the task ina style of accuracy and minuteness, 
which, while it secures the permanent utility of the work, may, I 
hope, do credit to Virginia, advancing as she is in reputation for the 
encouragement of education and science. 


7 





Nop ae ae! 


iat gut £ Sial} ais bition eodt v ot? i nace eeeplie daa ete 
Mens We fois ar d905ih4 lo O70 am nsektadtteny we @ YWrkotin: 
Geog. gearing af loreitest eae ey ar eeAotal os 
pet OgdGs: (isk yaéot IC Saree Steed obadiaganr. BP itl te 
ova | » Don Wiisuds elsty 7h Gee Be ey a ade Greist 
’ a ds wt baw feariaf he eee pinrkan oe Balnteto? Dasari 
fee dd. 16 tGheniies sot Stiiea Saree womk ede Willd @aogest 
a6 giant ie Sit 19 itt Sits. te te vhiaon bertoliyx ody J2hure 
pe Seow odl TO.6dSyY > LP at “Ree die qafetetde: to edosia 
dithr Goda aacot toi) evorndo ood iain edna Bie 
tf Peiiesitan 5 juect vole hl air ae eadbowni $f 
BAT Sr perp 7 mit bags: to «hte Oa le senda Hiisacletaoeo7 taflmite 
mest dieatct. Dili ey 7h eo he tent ot ee 
outa Ae eprtted faite doteiwe 
ay i oe te See ait af thas ob 2« ai 
vik ww Sad Pabe Te sasaao ptr 
“td (AUT Beek jet iil, gee : 


AT ay ui dela ptlOuise Scan - 

. es ue Li ipe to sae a nid 
a De ge tit = 4 
4 Part. hr a as hoa! 

te scrip, ethan een 

eek Epvecieiedin eaiBelac ba 
+e Waa Oba | 284 2 ide oekk hk 2 
# ae Msi ales Ton 78 the? a 


- Y - * 


g 
< ee ee - a"¢ 
‘i 
J x 
“? 
i 
Po. 
‘ - 
a 
“ es = 
“— | 
; - > 
S27 a , | nD i 
J 4 tg \ er) Ore 
ee | 7 
a % 
* oA > Ps ba 2 * 
‘ »~ ae aes te * , 
i 





ish dl @ al gil 


THE GEOLOGICAL SURVEY 


OF 


THE STATE OF VIRGINIA, 


FOR THE YEAR 1837. 


OFFICE OF THE Boarp or Pusiic Works, 
February 10th, 1838. 
Str, Enclosed is a communication to the house of delegates, 
which you will be pleased to lay before that body. 
Very respectfully, 
Your most obedient servant, 
Davin CAMPBELL, 
President of the Board of Public Works. 


To the Honourable the Speaker of the House of Delegates. 


OFFICE oF THE Boarp or Pusiic Works, 


February 10th, 1838. 
To the House of Delegates. 
I have the honour to transmit to the house of delegates a report 
of the chief geologist of the state, detailing the progress of the geo- 


logical survey in the year 1837. 
Davin CAMPBELL, 


President of the Board of Publie Works. 


REPORT. 


In pursuance of the law requiring the principal geologist of the 
state, annually to submit to the board of public works an account of 
the progress of the geological survey, I beg leave to make the follow- 
ing report: 

The. board are already aware of the unavoidable delay which 
occurred in completing the organization of the survey in the early 
part of the season; a delay which as they know was occasioned by 
the difficulty of procuring suitable assistants to fill the vacancies 
existing in the corps and to increase the number of my aids as 
authorized by the law passed at the last session of the legislature, 
enlarging the appropriation devoted to the survey. Notwithstand- 
ing these impediments, however, active explorations were com- 
menced by one division of my assistants in the tide water district of 
the state about the middle of April; and early in June, our whole 
force was transferred to the region west of the Blue Ridge as the 
theatre of operations for the remainder of the season. 

While thus alluding generally to the labours of the survey, I 
trust it will not be thought inappropriate to bear my cordial testi- 
mony to the zeal and efficiency with which my assistants have exe- 
cuted the tasks respectively allotted to them, and to express the 
high gratification inspired by their laborious and careful investiga- 
tions. I would also take this occasion of tendering to the board my 
warmest acknowledgments for the interest they have manifested in 
the progress of the work, and for their prompt co-operation in all 
suggestions calculated to promote its success, 

Adopting the method of exploration referred to in my report of 
last year, the investigations in the tide water district have for the 
most part been conducted by means of a boat suitably fitted up and 
manned. 

Aided by these facilities, the assistant to whom this department 
of duty was allotted, Mr. Charles B. Hayden, was enabled to pro- 
ceed with satisfactory minuteness in the examination of the shores 
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of the James river and its tributaries, from its mouth as far up as 
the head of tide, inspecting the exposures of marl, clay, or other 
materials of interest presented on the banks of the main stream on 
the rivers, creeks and inlets connected with it, at the same time col- 
lecting specimens for chemical analysis, or such other examination 
as might be required. Occasional examinations were also made at 
various points removed from the water, either with the view of 
ascertaining the continuity of deposits, or of obviating the neces- 
sity of future exploration from the land side, where such exami- 
nation might be rendered diflicult by the peculiar position of the 
locality. 

Among the general objects of useful interest accomplished by 
the researches here referred to, may be mentioned a more precise 
determination than had hitherto been effected of the breadth of the 
Eocene, or green sand marl, where it is intersected by the James 
river, and the demonstration that no beds of secondary green sand, 
similar to those of New Jersey, are interposed between the Eocene 
and the coarse conglomerates, sandstones and clays which overlie 
the primary rocks near the lower falls of the James river, of the ex- 
istence of which, writers at a distance have more than once stated 
that some evidences had been discovered. On this head, I have 
now no hesitation in affirming that the concurring testimony of 
observations made in the course of the survey, on the Potomac, 
Rappahannock, Mattapony, Pamunkey and James rivers, is conclu- 
sive against the existence within the region traversed by these 
streams of the New Jersey secondary, or any equivalent forma- 
tion. 

Of the numerous specimens of marls, &c. collected in the course 
of this investigation, many have since been chemically examined, 
and the rest are now in the course of analysis. A table of the com- 
position of these and various other marls, examined within the last 
eighteen months, is herewith presented, under the belief that al- 
though not strictly required in the annual report of the progress of 
the survey, such details are likely to prove useful to individuals in- 
terested in knowing the value of their marls, and are not of a nature 
to render it important that they should be reserved for the final re- 
port. 

The exposures of marl upon the James river, though in some in- 
stances extending continuously for miles along the shore, are by no 
means commensurate with the deposits found at some distance in 
the interior. Low grounds, and banks of comparatively little alti- 
tude, occupy a large portion of either shore, for the most part filling 
up spaces whence the original deposit has been removed by denud- 
ing action, and rarely presenting any remains of the calcareous ma- 
terial, while along the banks of the minor streams, and on the 
declivities of the hills overlooking the lower levels, ample stores of 
this invaluable deposit are generally discovered. Nansemond river, 
Pagan creek and its branches, Lawn’s creek, Chipoaks, Archershope, 
&c., on all of which nearly uninterrupted exposures of the marl 
occur, illustrate the truth of this remark, and a similar observation 
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is applicable to the shores of our other principal rivers and their 
tributaries. 

Of the advantages of exploring our tide water rivers by means of 
boats, the experience of the past season has furnished satisfactory 
proof, and in view of the facilities thus proffered to our future re- 
searches, by a suitable co-operation of inland and aquatic investiga- 
tions, I indulge the hope of bringing to a speedy completion that 
portion of the exploring duties of the survey which relates to the 


lower district of the state. 


MIOCENE MARLS. 


Localities. Observations. Carb. Lime. 
LANCASTER. 
Capt. Ja’s. Robinson’s,... Small fragments of shell in a ferruginous 
sand—green sand a trace,..........eeeee 42.0 
0. eee ditto, ditto, 87.5 
BARD MMIBY Bai sssssicsesee ditto ditto, rather compact,... 30.6 
ae eae ee ---- Yellow—aluminous—green sand a trace,... 12.2 
EES» tide tiiinn ae .--. Yeliow—consisting of shelly fragments par- 
tially cemented—green sand a trace,..... 21.0 
DigeCabew s,s... e565... Shells decomposed and partially cemented, 42.0 
MERTON Sines ns s6 esis itto, -- 46.5 
Mr. Callahan’s,........ -- Yellow—fragments of shell in ferruginous 
sand—large grains of green sand in con- 
siderable quantity,............ceeeeeees 21.5 
Mrs. Palmer’s,........+ .. Yellow—small shells and fragments—green 
SM APRIEE ERE Oe dc seine ec ccvnaa sas 82.9 
Benj. Walker’s,.......... Blue—green sand a trace,...........0+.006 18.0 
Warner George’s,........ Blue—shelly fragments—green sand atrace, 14.7 
Cols Palmer’s,..... i+... Light—conglomerated fragments of shell— 
slightly compact—green sand atrace,.... 57.0 
Rea aincln g:0.« . Shells decomposed and partially cemented,. 387.5 
Dr. Jones’s,......- ee ots ditto, POTOUS, inc cance sen 86.8 
WMA INNIS. 2.25 occ e eee Yellow—small shells in terruginous sand,.. 23.8 
eee Light—quite compact—shells sma]ll—green 
MNTUG) BALBOA ie a ded wie dite eA Ratdeods qeesms 62.5 
Col. Phil. Branam’s,...... Blue—tenacious—small shells—green sand 
SNR a ae Peis kd eelda 2 wodiacie nas vac 21.5 
Mr. 8. Downing’s,....... Bluish—10 or 12 per cent. of green sand,... 17.0 
Braxton Tomlin’s,........ Light—shelly fragments — green sand a 
BEBOM tte cctee c erties a'o's'e hee aR Ae x & Sin et te 32.9 
Sy Downing's,.U.0 is. ..5. No. (4)—White—compact, with impressions 
of shells, containing pebbles —specked 
VTEEE SPOOL BATES eo. fe stone's 'e's'etS coh ere ete 67.4 
Williamson Tomlin’s,.... Blue—with small shells—green sand atrace, 23.8 
WESTMORELAND. 
Stratford Cliffs,........... Blue—partially cemented—green sand a 
EIBOD Daahg Himsee cokes ccsacleanseccscees 44.3 
RicHMOND. 
Be Os Semriow ay... 6... Blue—with small bivalve shells, .......... 27.7 
Wm. Bernard’s,......... Blue—with decomposed fragments of shells 12.5 
Mr. Saunders’,........... Very compact—quite perceptibly specked 
with green sand—very little shelly mat- 
TOT, oo ce cece cece cercccccccrecccccecece - 9.0 
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Localities. Observations. Carb. Lime. 
NorTHUMBERLAND. 
ohn Bulk’ s, swe «(sicko Light blue—small fragments of shell,...... 17.0 
Walter Rice’s, .....6...%. Very ferruginous and compact—with frag- 
ments of shell—specked with green sand 6.8 
Ris, Hedley’ sys eS Yellow—green kane Bde er ar} 21.5 
Kine GrorcGe. 
Mill on Machadox run,,.... Blue—a little green sand,................. 17.0 
Martuews. 
Nig 308.4701 aaa Shells conglomerated—occasionally crystal- 
lived light). W025 tse ae 48.8 
Warehouse Creek,........ Compact and semi-crystalline—ferruginous, 87.5 
MiIppLeEseEx. 
Doctor Rowan’s,.......... No. Ye small fragments 
of shell) 1a.; Se a3. pee ielet > eae 39.7 
GO, ste ss has atc! No. (2)—consisting of small bivalve shells 
—green sdnd’d trace, :i2sési2ifis feces se 48.8 
Prospect Hill Creek Shore, Composed entirely of small shells intermixed 
with sand—green sand a trace,.......... 38.5 
D.Qaks’a,. tiv t REORD No. (1)—White—in small nodules—green 
sand o Yee, Stet c. Cts eee eee aes a 78.4 
OL eA irre - No. (2) tts eS OS a ia ata ede 69.3 
do PR ACHEW Ss. OF. oer: No. (3) EGLO a oe aeons 76.1 
do. -y, HE, HR PE Gitiectuiea et cawad sens 75.0 
(0, + ~+ pasesenseesunts Rittacite., Petes Meee 73.8 
Capt. Hailey’s Jen Light — containing fragments of shell —a 
little gréen SaniGs; ., ..~= <. sas memes 26.1 
©, Braxton’s,-. 0... vives White — shells decomposed — green sand a 
trace,. 20ST OPES «ee 64.7 
dost Kare. te: Reese Shells less decomposed and slightly ce- 
mented,*? ..°S3)/)% gi Se coe 67.0 
do, MANES. FAs ie GittO, .:.".1atestatetate gids cnt 87.0 
ColeBlaky’syonss53 sel yee White—decomposed shells and fragments 
cemented... TP. b.. deeegeae ee aaee et ERG 
GLOUCESTER. 
MY, POMLEr tosave saslasdee Yellow—clayey—containing a good many 
OStTEAS,.. - 000s mos ss os aie ee ee 50.0 
Roperts’s Mill, co ceecdiee oy Upper stratum —containing fragments of 
Shells, 5... = .r.jou ke foes 4 oeee aeeeeen 84.0 
Gloucester Town,........ Shells decomposed and slightly cemented,.. 40.9 
DET MsTODS Ay cen lees dm White—shells decomposed—green sand a 
ET 206 y<;- «cb fesiee sie © + 2 = 6 eee nnn 37.5 
Meg hruston’s,....... ss Shells decomposed and slightly cemented,.. 60.2 
MroR; Porsill's,. «0s. Fragments of shell cemented—green sand 
8 TACO, . ooo os os «> o 0:0 he 71.5 
Promise 6 Mill... sssne ene Blue—tenacious—shells decomposed—green 
Sand & tTace,.... ssn «cs ain enieeeeneee 89.7 
Soros Se. SES st Upper stratum—white—shells very much 
decomposed and slightly cemented,...... 51.1 
Mr. Beverage’s,.......-.- Shells much broken—a good many partially 
decomposed chamas—green sand a trace,. 57.9 
Hill near Robins’s Mill,.. froneinting chiefly of broken fragments of 
BDC) 01. sid nie one Siauks « ance ols Lwtarae tees 80.6 
Mr. Beverage’s,......+0 Small fragments of shell—greenish—green 
pand a trace, i.e’. 0+. + Jes cae ee 42.0 
Gloucester Town,........ ditto, richly specked with green sand, 41.5 


Localities. 
PL Oliver’s arokewnwedes os 


From the Road between 
Gloucester Courthouse 


and Gloucester Town,.. 
Courthouse Creek Bridge,. 
Mr. Billups’s, Js «3000.6. 6+ 


Kine & QUEEN. 
PROUD aes oops soe oe 


do. lower bank,..... 
eee Se eel os oss 


“Oo yee tO eps 
Ate ERE ee ete ese cess 


Mie renee ess tees 
ee he ioe. 
MR UN Oi oes saa e 


Mr. Gresham’s,..... ‘pray 
Mr. Duval’s, .. = nails 2» 


Kine WILiiam. 
Robert AulVs, 5. ns 0-450 


So) Says eee 

IS ee 

Mr. Edwards’s,.......... 
RE Wah sean mareie ese oe 
cS ae 


Scotland Banks,.......... 
Me Neaase owe; ..... 


Ce ee 


Mr. Saunders’s,.......... 
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Observations. Carb. Lime. 


Small fragments of shell, green sand a. trace, 


NS OSS SS eee ere eee 
Fragments of shell with sand intermixed,.. 
White—decomposed and partially cemented 

—PTCON SANA A tTACe,.....ceseeeccecsces 


Blue—containing fragments of shell—green 


ME ivan ns Sele eR eee Eteee ees: 
Blue, ditto, tO, Stee eee 
White—shells finely decomposed and par- 

os ERIE SE BPR E aL cre lh 
Blue—containing fragments of shell,....... 
Light—nodular,......6.....0..0.eeeseeees 


W hite—containing small fragments of shell, 
Light—shells decomposed—occasionally ce- 


Blue —fragments of shell—green sand a 
DOMME ee sacs cscr savers ccacecauses ce og 
Light — fragments and decomposed shell 
Snetury Canon... vcs sakeece cco sss 
Bluish—small fragments of shell, principally 
of the chama—green sand a trace,....... 


Light—shells decomposed and very slightly 
A ies nak cla < tna Headiert sx ats 
Light—shells decomposed and slightly com- 
By dicraim id Ste liiele ui0 woe ede 6. 45,4 iy eit Comes 
ta ’ fragments of shell in blue sand— 
MIMCINPANG. BTTBOO, «a ncynedckesisie on cin on bOS 
Light—decomposed shells. and fragments,.. 
Blue—containing fragments of shell,....... 
Light—tenacious—containing perfect shells 
PIES EY IIPOUNES ITSO one ard wile die'aiscwie Spine ovsia'es 
Blue—containing fragments of shell,...... 
Fragments of shell intermixed with sand— 
BROOM AAMM BEAK, «2 06s 6. oc wees cicie ese 
ditto, ditto, Dil fecole gard 


ments of shell and small pebbles,....... 
Oe Da Mant Ah Le a0 SAM ahem ak 

ditto, green sand a trace, 
GUAGE cal eows places ihe Teale ees « 


Perfect shells and fragments—sometimes 
cemented—green sand a trace,.......++++ 
Ferruginous rock marl—semi-crystalline— 
TOON SANA'A tTACe,......--cceesercocces 
(2d stratum)—yellow—small friable frag- 
ments of shell—considerable green sand... 


73.6 


51.1 
46.5 


51.1 


bo 
go 09 


Oo ~T © 


IH 
Ss Se ae 
Hb DARaAM Wa 


i 
oO 
ou 


14.7 


76.1 
TT, 2 
48,8 


154 


Localities. Observations. Carb. Lime. 
Mr. Saunders’s,...... 2... (8d stratum), small friable fragments ofshell, 60.2 
Fea y Sars sate itt, tte aes... LEO 42.0 
games Pedin’s,....3...... Light—shells entirely decomposed—nodu- 
lar—green sand a trace,..........eeeeeee 54.5 
Bay’ B POLAT etek eee Blue—triable—micaceous and sandy,...... 7.9 
i, Pardie’sa 23 TUN 2 Shells and fragments in a light tenacious 
clay—frequently rich in indurated casts 
of the chama—green sand a trace—some- 
times a fragmentary conglomerate,.. ... 71.5 
we) 7 Saree Gi, ics asa Se hee ofc Gps 7 62.5 
Oa is i oo 395 5 ht Conglomerate, ditto,....... dieiat ato’. 81.8 
ikiire | Riedes semecrsiieese ee re reer, ig ee 63.6 
ERIN TALE 8,25 50's 5's ss => A conglomerate of perfect shells and frag- 
ments—ferruginous and semi-crystalline 
— Very COMPAR. 42h...» ween snes hao eg Grae 91.3 
Mr. S. P. Jordan’s,....... Very comminuted fragments of shell in a 
. ferruginous sand—green sand a trace,... 53.4 
Ge Da ee ale he a's DUD 63s Jet inwe iat een ert 79.5 
Merit TOdd'S,.c05s.00 tad Light—rather tenacious—shells decomposed 
—green sand @ trace,..... 06. cece ccs vece 28.4 
Un metecabrweers >t A conglomerate of small shells and frag- 
ments, intermixed with a ferruginous 
sand—tinged with green sand,......... - 42.0 
PG ties octet eer e ka sm Blue—arenaceous—very friable—contain- 
ing a few small cythereas,.............. 7.95 
MC wiasa en th aware 5 A coarse shelly conglomerate—y ellow—oc- 
casionally a cast of the chama,.......... 78.4 
BURA OOCK'B,.. :arcrephn nol ors Of a very light yellow colour—containing 
small fragments—frequently cemented,.. 64.7 
eS ES eS Shells decomposed—concretionary,........ 71.5 
John ¥.'Mason’s,:..- 7... Small cythereas in a yellow sand, with a 
few other shells and fragments—green 
Sand a trace, .. cay ss vce eae cme anes 35.2 
NANsEMOND. 
Town Pointed fica 60 Ferruginous—consisting of small shells and 
fragments;..>.. sil, . wneciedeeuieeaenne 67.5 
2 miles above Town Point,. Ferruginous—consisting of small shells and 
fragments,:<'. Stu «2°. Se eee ele ee 52.3 
MMe. Keeling ayiat, la, e205 Small shells and fragments in a light sand 
—also fragments of the pecten—some- 
times conglomerated,.........++..-.ee% 75.0 
Ve egeearaagee + 5 Ca More ferruginous—containing fewer shells. 30.6 
Below Dumpling Island,.. A conglomerate of fragments—quite com- 
PACE. 2. 22>. cede ss 00 on eee Ree 85.2 
do. .. Finely comminuted shelly matter—deeply 
tinged: with iron,.......:.sesssuss=eun 71.5 
PREM WDOCL'S,. 05500000005 Ferruginous—consisting chiefly of fine frag- 
Mente, sosicks soot ew eae one hi ne eed 72.7 
PRP AGHOLE os 50 sess ditto, ditto, green, 
sand a trace,....o.+sseee mene eiek Adee 
Upper shore of Nansemond : 
river (near the mouth),.. Small fragments of shell, with perfect shells, 
intermixed—ferruginous,..........-. See 828 
Point above Sleepy Hole 
ferry; Sie res Pers Principally chamas and crepidulas, inter- 
mixed with ‘yellow sand,...........0..:. 43.2 
Near Suffolk,............- Blue—containing finely divided shelly mat- : 
22. 


Per tes bo GR SS ee eee cecasesebunets 


155 


Localities. Observations. Carb, Lime. 
ey shore (near Sleepy 
Ole TOIly,) 5. ss eee ... Blue—containing fine and coarse fragments 
of small shells,..... ee soc ated aad MEP 80.6 
Col. Corbell’s,......... .-- Small fragments of shell—ferruginous,.... 62.5 
“aire OF eek SRR MACE at Hite Gaewaies memos 76.2 
MiG, (SRR GREE Bosak e~ ses 00- GiteOdeeb lc. cake ats wed tabs 64.7 
ST ae AI cat Rawat avs nn aie 28.0 
W. H. Goodwin’s,........ CAMA SS wanna aa cago ces ot 53.4 
Pe so) ee I ee Use eh un eeue hues ye 80.6 
Near Chucatuck mill, .... Abe IR ST Pe ee reser 2 82.9 
Evizasetu City. 
Ge ee Ferruginous—fragments of shells with per- 
fect shells intermixed,..............200. 71.5 
Ces sevvivenve pe tees ditto. 25.0 
SuRRY. ; 
Mrs. Faulcons’s,......... Yellow—consisting of decomposed shells 
and fragments—occasionally slightly ce- 
ES ae see wwe tin ewes UNL EN Oe toes 64.5 
8 or 4 miles above Four 
Mile tree,..... pa barin st Fragments of shell in white sand—slightly 
intermixed with green sand,............. 47.2. 
do. A yellow conglomerate of shells and casts,. 78.40 
Near Four Mile tree,...... Fragments of shells and undecomposed 
Ne ee Sn vey nies kas vee nee seme 88.6 
Mr. Organ’s—Clermont,.. Yellowish white—fine and friable—occa- 
sionally concretionary,................- 71.5 
Wakoefieldjy 2200). es Li mt-stahielis generally decomposed—a few 
. ragments in a white sand—green sand a 
ee LEAP OAS Se ee reer ere ear 51.1 
Copy COT. Bluish—shells very much decomposed, .... 75.0 
DOmgIAsS, oes eee White indurated casts of chamas,.......... 87.5 
Clermont (river shore),... Blue—largely intermixed with green sand 
—shells finely decomposed,..........-.+ 10.2 


Upper Chipoke Creek,.... A  calcareo-siliceous conglomerate — very 
compact—containing fragments of pec- 


tens and casts of pernas,...... eke +f ara 55.6 
oe SG cane Small fragments of shell in sand—a good 
many chamas—quite richly specked with 

GTSOMSAN,. Ls... side a elses olleleels eee 42.0 

Bs ST a aes ditto. 33.0 


Sake Rayer tee ee dere eee eelenes 
A. C. Jones’s,..... mers? 3. Shells and fragments in a light sand—inter- 
mixed with green sand,.......0..eeeee 53.2 
Prince GEORGE. 
Coggin’s Point,.........- Small shells and fragments in a yellow sand 
—green sand a trace,.......+.seeerereee 28.4 
ly oe aE Sea A great variety of shells in sand,.......... 53.6 
Pewerereene ss... Ss... Fragments of shells in a light sand,........ 32.9 
ES eee ditto, Gitojxe . 27224 19.4 
James Ciry. 
Bing’s Mill, ....00.0%0-++¢ Chiefly fragments of the chama—intermixed 
With green sand,.........+-eeeeeeeeeees 56.8 
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Localities. Observations, Carb. Lime. 
CHARLES CITY. 
Herring Creek,........++. Light—shells generally decomposed—slight- 
ly compact—intermixed with green sand,. 87.5 
Oa welas calc hss sue ditto, 50.0 
(Gee BOGS Neches aes ditto, 50.0 
PrincE GEORGE. 
Coggin’s point,........++- Yellow—friable—no traces of shells—a lit- 
tle green sand, ....2-++seedbee¥ st oeevene 64.7 
Doigee Aipas oles bie ten itto, 37.5 
MAR esse ress ers eere Yellow—no traces of shells—in nodules— 
BILLCHOUS, «10046 sos en Cadena eee nae ae 42.2 
1 Oty eee Light—compact—containing impressions of 
shells intermixed with green sand,...... 73.8 
1G: pene’ beam siete (Mouth of Powell’s creek), ditto, 42.0 
CHESTERFIELD. 
Dire SOGKR 8.5.05 p05 5% 5 035 Indurated—containing impressions of shells 
and small decomposed shells intermixed 
with greun@anay? 2. Pe ak cess cee eaes 60.2 
0 phd, DAG A SS ditto, 76.1 
HENRICO. 
PB STORY A. och ays pire ( HBpED plantation)—light—fine and friable 
—but slight traces of shells—a little green 
RAD, «:< «no! saa N wleiyinitealetal et se bitin ae i. 
DAD ASCOT, «:./ae.c coon n ns Light ’yellow—indnrated—homogeneous— 
containing casts of shells—slightly mica- 
COOUB) i: 01 ood dh OE oo hae eee 54.5 


The scene of exploration in the upper portion of the state where 
the entire force of the corps was actively engaged, from June until 
late in the autumn, embraced all the region lying between the Blue 
Ridge and the first escarpment of the coal-bearing rocks of the 
Alleghany proper. Dividing this extensive field into three portions, 
by convenient transverse lines, an assistant, with such equipments 
as were thought necessary, was allotted to each district; Mr. 
Charles B. Hayden being placed in the northern, Professor J. B. 
Rogers in the middle, and Professor W. E. A. Aikin in the southern 
subdivision. Pursuing a common system of investigation in all the 
districts, we commenced our enquiries by numerous observations 
along the western declivity and flank of the Blue Ridge, chiefly 
with the view of conclusively determining the relation of the rocks 
of that mountain and of the valley to the west, a problem of some 
difficulty, and of which our previous exploration had not furnished 
a satisfactory explanation. Next, by a series of transverse lines, 
extending from the Blue Ridge across the valley, and numerous 
ranges of mountains further west, we proceeded to ascertain with 
more precision than had yet been done, the law of succession of the 
various rocks composing this wide belt of country, noting their dip, 
arrangement, character and mineral contents at every step, and 
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tracing geological profiles of onr route. In this portion of our 
labour I may be allowed to state, that the fatigue and privation to 
which we were frequently exposed in our travels, among rugged 
mountains, and by unfrequented and sometimes almost pathless 
routes, were not a little lightened by the animating influence of 
scenery, at once wild and beautiful and sublime, rich in subjects for 
the artist’s pencil, and pregnant with lessons for the geological 
enguirer. 

Guided by the precise knowledge thus attained, of the general 
structure of the regions we proposed to investigate, we entered upon 
the detailed examinations necessary to a proper developement of the 
mineral resources of each district, and to the introduction of 
geological delineations on the state map. 

Following the longitudinal bearings of ail the strata, tracing 
them through the valleys or along the flanks and summits of the 
mountains, marking their boundaries and their changes of extent 
and structure, and carefully pursuing every indication pointing to 
useful economical results, we have been enabled, through the active 
labours of this season, to accumulate a large body of accurate and 
valuable details, illustrating the resources as well as the geological 
structure of extensive portions of the region in which our enquiries 
were pursued. Indeed, such has been the success of the plan of in- 
vestigation adopted, that but for numerous errors of the state map, 
of which we have had glaring and sometimes ludicrous illustrations 
in the course of the season, I would feel myself prepared to give a 
visible form to our results by a systematic ‘geological colouring of 
many of the counties, both of the northern and middle, as well as 
important portions of the southern district. 

From the vast extent of the region in question, the intricacies of 
geological structure occurring in many parts of it, and the natural 
obstacles to exploration arising from the singularly rugged topog- 
raphy of its mountainous portions, it will at once be seen that, with 
the force at our command, the labours of a single season, however 
active and judiciously bestowed, could accomplish but a part, and 
that by no means the larger portion of the researches requisite for a 
minute knowledge of its structure, and its peculiarly valuable 
mineral contents. 

Aware, as the board must be, of the nature and extent of the 
impediments referred to, they will be enabled better to appreciate 
their influence upon the progress of our researches, from the con- 
sideration that in geological explorations, conducted in such a re- 
gion, satisfactory results are rarely to be attained merely by the in- 
vestigation of exposures occurring along a highway, or in positions 
equally easy to be reached. The rugged valleys, the craggy cliffs, 
the steep sides and rocky summits of the mountains, often furnish 
the most valuable guides to a knowledge of geological structure. 
Forsaking the path of the ordinary traveller, and plunging into the 
wildest and most unfrequented districts of the region he is explor- 
ing, the geologist is called upon to take the hunter of the mountains 
for his guide, and to thread the forest, to follow the rocky channel 
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of the stream, or to climb the towering peak in search of further 
lights to aid him to sure and valuable determinations. 

Amid the wild exhibitions of dislocation, frequently met with in 
the mountains of this region, many interesting and useful facts have 
been observed, while the most striking features of scenery neces- 
sarily associated with the geological phenomena displayed, have been 
noted as suitable subjects for graphical illustration at some future 
day, when together with accurate geological sections illustrative of 
all the interesting points of structure in our state, it is my earnest 
wish to be enabled to present, from the pencil of a practised artist, 
a series of drawings combining similar instructive characteristics 
with the more attractive charms, imparted by a faithful delineation 
of the beautiful and imposing scenery in which our state so remark- 
ably abounds. . 

Without entering into a detailed account, of either the general or 
minute investigations completed or in progress in this region, I 
would call the attention of the board to some of the enquiries prose- 
cuted, and some of the results determined, in each of the three 
districts in question. 

In the northern and middle districts, the interesting fact has now 
been conclusively ascertained, that the extensive beds of sandstone 
composing the hills along the western flank of the Blue Ridge, and 
sometimes lying upon the declivity of the mountain, or resting in 
lofty peaks near its summit, are subjacent in geological position to 
the great limestone formation of the valley; and that from the 
peculiar attitude in which this rock is found, and the marine and 
littoral impressions with which it is sometimes crowded, it marks 
out the ancient coast-line of a wide spread sea, beneath whose 
waters the vast extent of sedimentary rocks stretching westward 
from the ridge, were successively deposited. This rock has in many 
places been found to contain beds of iron ore, though in general of 
inferior quality to that met with in the limestone of the valley. 

The Massanutten ranges, including the Massanutten proper, the 
Middle, Three-Topped, Peaked and other mountains, as well as the 
subordinate hills, and the intervening valleys, have been the subject 
of careful study; and a clear knowledge has been attained of the 
structure and contents of nearly the whole region, from the Peak, 
near Keezle Town, to the northern termination of these mountains, 
opposite Strasburg. Amid the indications of extraordinary violence, 
marking the rugged scenery of this remarkable region, the most 
beautiful symmetry in the arrangement of the component strata of 
the hills and valleys has been found to prevail; leading to interest- 
ing practical conclusions as to the extent and continuity of the use- 
ful mineral productions which it contains. 

The heavy beds of valuable iron ore, of which extensive ex- 
posures have already been brought to light in supplying this mate- 
rial to the neighbouring furnaces, have been traced for great distances 
along the borders of the slate, subjacent to the massive sandstone, 
of which the principal ridges are composed; and an ore of still su- 
perior quality, associated with the red and variegated shales, higher 
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up in the geological series, has been discovered in many parts of 
the Big and Little Fort valleys, exposed in layers, which, from the 
extent of the line of their outcrop, are probably continuously associ- 
ated with the strata, to which they appertain. Looking to the rela- 
tion now proved to exist between the rocks of this region, and the 
limestone of the valley on either side, the hope that has from time 
to time been entertained of the discovery of coal within these 
mountains, is to be looked upon as entirely without grounds; beds 
of this material have in no instance been discovered in strata so low 
in our geological series as are the slates and sandstones of which 
this region is composed, nor have any indications of it ever been 
observed in these rocks either in Pennsylvania or this state. In 
thus prominently and decidedly announcing this negative result, it 
is scarcely necessary to remark, that however opposed may be such 
a conclusion to the wishes of those who fondly imagine that every 
variety of mineral treasure is to be found in every portion of our 
mountain districts, much good is likely to result from a determina- 
tion calculated to prevent explorations which could only lead to 
disappointment, and perhaps terminate in serious loss. 

The wide belt of slate forming the basis of the sandstones of the 
Massanutten ranges, and extending in the same general direction 
into Maryland on the one side, and into the southern parts of the 
valley on the other, has been traced throughout a considerable por- 
tion of these districts, and its boundaries carefully noted down; at 
the same time that the iron and manganese ore, which it contains, 
have been attentively examined. 

Observation has also been directed to the numerous varieties of 
limestone forming the great agricultural wealth of our valley coun- 
ties, in these districts as well as further south. Additional speci- 
mens have been collected with a view to the systematic arrangement 
of the several distinct species of this rock, under the heads of sim- 
ply calcareous, or magnesian, or hydraulic, according to the results 
of chemical examination. The iron ores associated with these strata, 
have also been examined at various points, and specimens reserved 
for similar practical objects. 

In that portion of the two districts in question, extending from 
the western boundary of the valley limestone to the escarpment of 
the Alleghany rocks, research has been more especially directed to 
the region lying west of the Cacapon river, and of the Great Shen- 
andoah mountain, although numerous sections have been made 
crossing the intervening belt. In the adoption of this course, I 
have been influenced by the results of former observations, leading 
to the conclusion that the low ranges flanking the valley to the west 
could never be satisfactorily investigated until the structure of the 
region beyond was clearly understood. From the very remarkable 
geological appearances generally presented, where the most eastern 
of these ranges meets the valley rocks, it became apparent during 
the last year, that the usual and otherwise invariable order of suc- 
cession of the several members of our series of rocks was here vio- 
lently interrupted, and that the limestone, one of the lower mem- 
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bers of the group, was brought in contact with strata nearly ap- 
proaching in position to the carboniferous slates and sandstones so 
widely extended over the region westward of the Alleghany. This 
line of fault, of which indications are to be met with at most of the 
gaps immediately west of the valley, appears to extend with but 
little interruption throughout the whole length of the state, and 
presents a striking illustration of the stupendous violence of the 
forces by whose agency the strata of the valley and of the parallel 
mountain chains lying to its west, have been caused to assume the 
positions which they now exhibit. Without entering more into 
detail in regard to this interesting and extraordinary feature in our 
geology, it will be apparent to the board, that repeated and careful 
observations made at various points along the line of dislocation, 
must be requisite to a sure determination of the point in the geo- 
logical scale to which the strata thus abutting against the valley 
should be referred. And the more caution is required in this inves- 
tigation as these strata have in many places been found to contain 
an anthracite or semi-bituminous coal, and the probability of its 
continuity or available importance, might in some degree depend 
on the opinion formed of the rocks with which it is associated. 
While from these considerations, I directed examination chiefly to 
the region situated more to the west, so that in another season we 
might approach this tract of more perplexing difficulty with the 
useful lights afforded by a clear knowledge of strata whose connec- 
tion we could trace with them, attention has been incidentally be- 
stowed at several points upon the coal-bearing rocks adjacent to 
the valley. The interest naturally felt in the existence of a deposit 
of coal appearing at many localities along the line in question, and 
from its vicinity to a populous and thriving region, invested with 
peculiar importance, renders me reluctant without much more 
detailed examination than I have yet bestowed upon it, to venture 
upon an opinion as to its actual extent, or to affirm positively its 
position in the geological series, as compared with the anthracite of 
Pennsylvania, or the bituminous coal of our western counties. 
This much, however, I may with propriety declare, that though 
undoubtedly far less extensive than the formation in Pennsylvania, 
its almost unquestionable continuity in some districts, as for in- 
stance, in Montgomery, Wythe, &c. over great distances, and the 
available thickness and good quality of the coal where exposed, lead 
to the opinion that it is destined at some day to become an impor- 
tant item in the resources of the surrounding region. I may vent- 
ure further to add, though reserving this opinion to be corrected 
by future observations, that from the examinations thus far made, 
the rocks with which this coal is associated would appear to occupy 
a lower place in the series than the bituminous coal measures of the 
west, or the shales and sandstones of the anthracite of Pennsylvania; 
and that they will probably, in most cases, be found to refer them- 
selves to the most inferior member of the group. In what is 
here stated in relation to our anthracite and semi-bituminous coal, 
the board will understand me as not confining my remarks to the 
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two districts of which I am at present treating, but as designing 
* them to apply also to the southern district. 

In pursuing our researches to the west of the belt of which we 
have just been speaking, the general arrangement of the strata, 
which, with the assistance of Professor H. D. Rogers, I had been 
enabled to establish during the preceding season, as applicable to 
Virginia and Pennsylvania, and which he has since ascertained, 
with some modifications, to apply to New York, was found to fur- 
nish an invaluable guide. Directed by this arrangement, of which 
a descriptive account will hereafter be given, the explorations in 
Hampshire, a part of Morgan, Hardy, Pendleton, Bath, Pocahontas, 
Alleghany, and portions of Greenbrier and Monroe, were conducted 
with great minuteness of detail and with the most satisfactory re- 
sults. Without entering into the particulars of our investigations, 
I would mention as illustrating the activity and success with which 
our researches were carried on, that a complete and accurate ac- 
quaintance with the structure of a large part of the region referred 
to has been attained, and with the materials now in hand, the space 
occupied by the several rocks throughout a wide area, could be 
delineated in geological colours on the state map. In these minute 
enquiries, as necessary data for obtaining valuable practical results, 
the various modifications of geological arrangement occurring at 
different points of each valley and range of mountains were care- 
fully traced out. 

Among the facts of economical interest developed in the course 
of these researches, may be mentioned the determination of the 
almost uniform occurrence of a peculiarly valuable description of 
iron ore in connection with a certain member of our series of rocks, 
frequently displayed for great distances along the sides and summits 
of the ridges in this region. This ore presents itself in layers ar- 
ranged parallel with each other, and separated by thin strata of a 
reddish shale. Though rarely occurring in single beds of great 
thickness, the multiplication of small seams, exhibited at numerous 
points, indicate the abundance in which it might be procured, while 
the friable and yielding condition of the enclosing material would 
greatly facilitate its removal from the places in which it is embedded. 
In the Knobly, New creek, Patterson’s creek, Capon, North fork, 
'Prop’s gap, South branch, Warm spring, Bullpasture and Back creek 
mountains, and in fact in a great majority of the more considerable 
ridges of this region, the presence of this ore has been recognized 
either at isolated points, or continuously for a length of several 
miles, exhibiting in all cases the same associated shales, and occu- 
pying an invariable station in the geological series. Of the extraor- 
dinary value of this ore, the experience of the furnaces in Pennsy]- 
vania, where it has recently been brought into use, furnishes the 
most conclusive evidence. And since the discovery of its admi- 
rable adaptation for the furnace, it has been keenly sought after, 
and seams, which if of a different material, would from their thin- 
ness have remained unnoticed, have not only been diligently but 
profitably worked. In alluding to this important fact, the board 


162 


will permit me to say, that it is not a little gratifying to me to have 
reached a result, thus illustrative of the advantages of the mode of 
research which has been pursued, and of the utility of that system- 
atic delineation of the strata, which it is hoped, will form one of 
the crowning works of the survey. 

Without attempting to particularize economical or general re- 
sults, it may be proper to add that the limestones, frequently de- 
veloped to a considerable extent in this region, giving fertility to 
many of the long and narrow valleys, and providing a rich natural 
pasturage on the broad and undulating tops of many of the mount- 
ains, has been the subject of attentive observation and analysis. 
It is a fact of interest, though as yet but little known or appreciated, 
that owing to the extent to which one of these calcareous rocks is 
frequently spread out upon the summits of some of the more mass- 
ive of these ridges, soils of a highly productive character are often 
to be met with in positions where it might be supposed they would 
be least likely to occur; and the traveller, who has bestowed no 
attention upon the geological structure of the mountains, cannot 
fail to experience the most gratifying surprise, when, after toiling 
over hills of slate, and climbing a rocky defile over fragments, and 
amid impending cliffs of sterile sandstone, he finds himself suddenly 
on the margin of an undulating plateau of shales and limestones, in 
an open and in some cases a cultivated region. On the Knobly, the 
Prop’s gap, Bullpasture and other ranges, these tracts, of high agri- 
cultural value, are continuously exposed. I may here add that the 
occurrence of this limestone in immediate contiguity with the red 
shale, of whose valuable contents I have already spoken, invests it 
with additional importance, and the existence in it of calcareous 
bands, capable of furnishing an excellent water cement, specimens 
of which are now in progress of analysis. 

In the south-western portion of the region to which we are now 
alluding, commences an extensive tract of calcareous shales and 
sandstones, which, expanding in breadth as it stretches south and 
west, constitutes the rich agricultural and grazing regions of Poca- 
hontas, Greenbrier, Monroe and Giles, and bestows productive soils 
upon the counties lying in the same direction, as far as the south- 
ern boundary of the state. 

Of this important member of the series, Pennsylvania is almost 
entirely deprived, and the developement is comparatively inconsider- 
able, even in Virginia, until we reach the region just referred to, 
where its great expansion renders it a prominent and happy feature 
in the geology of the state. Although in the middle and southern 
districts, especially the former, the character of these shales and 
limestones have been carefully examined, and numerous specimens 
of the latter analyzed, much research yet remains to be bestowed 
upon them, both in connexion with their agricultural and economi- 
cal value, and the origin of those medicinal ingredients which have 
given such merited celebrity to a number of our watering-places 
situated in the midst of these strata, and forming not one of the 
least of the blessings attendant upon the geological developement of 
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this portion of our series of rocks. The existence in this region of 
a highly valuable form of iron ore bearing some analogy to that last 
described, has been ascertained by observations at several points, 
and suggests the propriety and probable importance of further re- 
searches on the subject. 

Of the progress and results of our researches in the southern 
district, some opinion will already have been formed from the gen- 
eral statements above submitted in relation to the other two subdi- 
visions. It will be observed, however, that difficulties of a peculiar 
kind have attended our investigations in this district. The particu- 
lar succession of limestones, slates and sandstones, forming the geo- 
logical series to which the structure of the northern and middle dis- 
tricts has been in all cases satisfactorily referred, cannot be applied 
in elucidating the arrangement of the strata in the southern district, 
without considerable modification. Moreover, certain peculiarities 
of structure evidently related to the new direction of the Blue 
Ridge, and the parallel ranges north-west of the valley, while they 
increase the interest, augment the ditlculty of the problems here 
offered for investigation. While, therefore, a large share of atten- 
tion has been devoted to the examination of objects of economical 
importance, whenever they have been presented, much research has 
been necessary to remove the obscurity in which the geological 
order of the strata of this district was involved, and to arrive at 
sure conclusions as to the relations borne by them to the rocks of 
which the other districts were composed. In tracing the modifica- 
tions of several of the members of the series, as they are prolonged 
in the south-west, and unfolding the nature and precise order of the 
strata as displayed in that portion of the state, considerable progress 
has been made, but further research is still required in regard to 
several important features in its geology. The board need not to be 
informed that it is by such researches, far more than by the mere 
examination of mineral localities, or the tracing of exposure of ma- 
terials of economical value, that the useful objects of the survey are 
to be promoted. From the general uniformity with which particu- 
lar ores or other useful minerals are associated with particular mem- 
bers of the series of rocks, as already illustrated in the case of the 
valuable iron ore of Hampshire, Hardy, Pendleton, and other coun- 
ties, it must be apparent that in tracing any individual tock through- 

‘out its course, and much more in developing the general order in 
which the strata are arranged, results of the highest utility are dis- 
closed, illustrating equally the resources of all parts of the region 
investigated, and furnishing the only safe guide to the more minute 
examinations which are to form the basis of individual enterprise. 

In pursuing these leading objects, a great number of transverse 
lines have been explored, extending in many instances entirely 
across the region, and including on the east a large portion of the 
rocks of the Blue Ridge, and the Pilot, Poplar Camp and Iron 
mountains, while numerous lines of observation connecting them 
have served to throw light on the structure of the intervening belts 
of country. As evidence of the extent and minuteness with which 
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these preliminary examinations have been conducted, and as indi- 
cating some of the important general results to which they have led, 
I would refer the board to the approximate profiles, twenty in num- 
ber, exhibiting the strata of this region, either throughout its entire 
breadth, or in particular portions, where more precise investigation 
was suggested by the peculiar importance or the difficulty of obtain- 
ing a clear knowledge of the geological structure involved. With 
these sections, amid the various determinations not embodied in 
them, as our guides, the operations of a future season will be greatly 
facilitated; and I feel assured that the obscurity yet remaining, in 
regard to the structure of some portions of this curious and affluent 
district of the state, will be satisfactorily removed. 

At the same time that these more general and fundamental en- 
quiries were in active progress, much attention was devoted to the 
examination of the known localities of iron ore, lead, gypsum, salt 
and coal, and to the further developement of these materials, by 
carefully tracing the strata with which they were found to be geo- 
logically associated. Of the important economical results to which 
these general as well as detailed explorations, when brought to a 
close, are likely to develope, it would of course be inexpedient as 
well as premature now to speak. I may, however, be permitted to 
remark, that our investigations thus far have tended to confirm the 
favourable impression already existing as to the extent and variety 
of the mineral resources of this region. As conspicuous among the 
future sources of wealth and prosperity throughout this region, I 
may be again permitted to call the attention of the board to the ex- 
traordinary abundance and excellent qualities of its iron ores, Be- 
sides innumerable exposures of this material in various parts of the 
great limestone valley, and among the ridges lying to the north- 
west, I would particularly bring to notice the very extensive range 
of deposits which, commencing at Mack’s run and pursuing a course 
parallel to the Poplar Camp and Iron mountains, within from two 
to four miles of their base, continues to the southern boundary of 
the state. In this region, from two to three miles in width, this ore 
is found in the flanks of the calcareous ridges in massive beds, fre- 
quently enclosed by walls of limestone, and usually of a quality ad- 
mirably adapted to the uses of the furnace. There is, perhaps, no 
other portion of the great limestone valley, either in Pennsylvania 
or Virginia, so bountifully supplied with this material in so avail- 
able a shape, and none in which this valuable resource has been 
more indolently improved. A deep sense of the almost unrivalled - 
importance of the iron ores of this and the other districts referred 
to, must excuse the repeated allusions of which it has been the 
theme, especially when it is considered, that from the frequency of 
the occurrence of this material in various parts of the state, the 
high interest which ought to attach to such a possession does not 
appear to have been adequately felt. 

In regard to the anthracite or semi-bituminous coal exposed at 
various points in the district here referred to, it would be premature 
in the present stage of our investigations, to present any further or 
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more decided views than have been already submitted while allud- 
ing to the peculiar structure of the ranges on the western margin of 
the valley. I would, however, observe that much has already been 
done in ascertaining its geological position and economical charac- 
ter, both as presented under the circumstances alluded to in the 
Brush or Little Walker’s mountain, and under somewhat different 
relations in the Catawba mountain and the Peaked knob of Draper’s 
mountain, as well as in some other localities in which small expos- 
ures have been discovered. 

Of those peculiar and inestimable funds of mineral wealth, the 
salt, plaister and lead of this region, I feel justified in saying that 
the investigations bestowed on them during the past season, have 
served to impart even higher ideas of their importance than had al- 
ready been formed, while I would add, that the enquiries relating to 
their extent are still in progress, and cannot be completed without 
much additional exploration. 

In thus alluding to the economical bearings of our researches in 
this district in the course of the last season, I would call the atten- 
tion of the board to a feature in its geology of great agricultural in- 
terest, and which, though locally well known, appears to be but . 
imperfectly understood or appreciated by those residing at a dis- 
tance: I allude to the large extent of surface occupied by calcareous 
rocks in that portion of the region lying to the north-west of the 
Gap or Walker’s mountain. Without attempting to define the ex- 
tensive valley and mountain tracts, thus prepared liberally to re- 
ward the toil and enterprise of the husbandman, it will be sufficient 
to remark, that from this cause large portions of Giles,.Tazewell, 
Russell, Scott and Lee counties, present a surface happily adapted 
to agricultural industry, combining the rich spontaneous growth of 
mountain pasturage, with the generous products of a lowland soil 
of unusual fertility. Nor can I, while alluding to these interesting 
features in the structure of the south-west. portion of the state, 
avoid expressing the earnest hope, that in the progress of those 
great schemes of improvement which are daily giving fresh anima- 
tion to the hopes of patriotism throughout Virginia, effectual meas- 
ures will be adopted for giving access to these and other productive 
regions now lying uncultivated, neglected, and almost unknown. 
And looking to the influence which these facilities of communica- 
tion will exert, may we not indulge the pleasing anticipation, that 
ere long the crowd of our emigrating fellow-citizens, now yearly 
thronging the great highways leading to the west and south, will 
be invited to spread the blessings of agricultural enterprise and skill 
over the rich valleys and mountain sides of their native land. 

It will be apparent, from the preceding remarks, that the deter- 
mination of the order in which the several members of our geologi- 
eal series are arranged throughout the region west of the Blue 
Ridge, constitutes one of the most interesting and valuable results 
yet developed by the labours of the survey, not only leading to curi- 
ous and important conclusions of a strictly scientific nature, but fur- 
nishing a sure guide to researches of economical value. In this as- 
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pect, therefore, and with the view of illustrating numerons allusions 
in the present report, as well as of affording useful practical sug- 
gestions to those who may be interested in developing the resources 
of the region in question, I feel assured that the board will not deem 
it uninteresting, in this place, to offer a brief description of the sey- 
eral important members of the series of rocks occupying the region 
west of the Blue Ridge, illustrating their economical character in 
connexion with their structure, position and extent. 

Restricting our view to that portion of the region lying between 
the Blue Ridge and the coal-bearing rocks, forming the eastern es- 
carpment of the Alleghany, which lies northward of the New river, 
we find that the whole of this vast territory is made up of sand- 
stone, limestones, slates and shales, arranged in an invariable order 
of superposition, and capable of being readily arranged in a geologi- 
cal series, consisting of eleven distinct and well characterised mem- 
bers. 

In regard to the continuation of this region through the south- 
west portion of the state, as formerly remarked, important modifi- 
cations in some of the members of the series are found to occur, 
which although already to some extent traced out, have not been so 
completely developed as to warrant a full and determinate descrip- 
tion of them at this time. 

Throughout the whole of the vast area extending from the Blue 
Ridge westwards, the strata are for the most part of oceanic origin. 
In each of the eleven members of the series, as well as in the coal- 
bearing rocks lying still further west, the remains of marine ani- 
mals are frequently to be met with, and in many instances, their 
relics constitute a large portion of the substance of the rock; thus 
confirming the inferences derived from the nature and structure of 
the materials of the strata themselves, and clearly attesting the fact 
of their having been deposited along the shores and at the bottom of 
a wide-spread ocean. 

As already remarked, the position and character of the bandh 
stone, resting in many places upon the western declivity of the 
Blue Ridge, and forming broken ranges of hills along its base, most 
distinctly and beautifully mark out the coast line of the ancient sea, 
while the peculiar impressions hereafter to be described, as so 
abundantly exhibited upon and throughout this rock, afford a strik- 
ing confirmation of its littoral origin, or at least of its having been 
deposited in shallow water, and near the margin of the sea. 

The view thus presented of the oceanic formation of the strata 
of this portion of the state, and the facts above referred to, illus- 
trating the eastern boundary of this ancient sea, though fraught 
with deep interest when considered merely in relation to the geol- 
ogy of our own territory, assume a far higher importance when as- 
sociated with the more ample investigations and developments of 
Professor H. D. Rogers in Pennsylvania and New York. Studying 
the various members of the geological series, as they appear through- 
out large portions of those states and Virginia, identifying them as 
they are exhibited in the region of our great lakes, and in parts of 
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the valley of the Mississippi, he has traced out the ancient coast line 
of the vast ocean, beneath which they were successively deposited, 
following its great inflexion as it bends westward along its northern 
margin—and thus connecting in one comprehensive and sublime 
generalization, the entire geological system of a large portion of our 
continent, and clearly demonstrating the operation of similar geo- 
logical causes over an extent of territory, and with a regularity of law 
of which there is perhaps no equally remarkable example in the 
whole field of modern exploration. 


Description of the several Members of the Geological Series 
belonging to the Region West of the Blue Ridge. 


Designating each member or group of rocks, by the number ex- 
pressing its position in the series, the lowest being indicated by 
No. 1, and describing them in the ascending order, according to the 
law of superposition by which they have been found to be invari- 
ably arranged, we will commence with 

(No. 1.)—This rock, or group of rocks, which is frequently ex- 
hibited in extensive exposures along the western side and base of 
the Blue Ridge, more especially in the middle counties of the valley, 
is usually a compact, rather fine-grained, white or yellowish grey 
sandstone. Where resting on the declivity of the ridge, it presents 
a gentle inclination to the north-west—while the subjacent and 
more ancient strata of the ridge, in almost every instance, dip 
steeply to the south-east. In Page, Rockingham, Augusta and 
‘Rockbridge counties this rock forms the irregular and broken 
ranges of hills lying immediately at the foot of the main Blue Ridge, 
and sometimes attaining an altitude little inferior to that of the 
principal mountain. A level region, sometimes of considerable 
breadth, and strewed profusely with the fragments of this rock, in 
general intervenes between these rugged hills and the first expos- 
ures of the valley limestone; thus indicating at once the extent ot 
the formation, and the violence of the forces to which it has been 
subjected. In many instances two, sometimes three, ranges of hills 
are interposed between the limestone and what may be considered 
as the termination of the rocks of the Blue Ridge, in which case the 
sandstone of those nearest the ridge exhibits peculiarities of com- 
position and structure which distinguish it from the rock found in 
more remote positions. Talcose and micaceous matter make their 
appearance in it; its specific gravity is increased, and a jointed 
structure is developed to so great a degree that it becomes difficult 
to recognize its true plane of dip. Of the innumerable cross joints 
by which it is subdivided into somewhat rhombic forms, the most 
conspicuous are those running N. E. and S. W., and imparting to 
the rock, though nearly horizontal in its bedding, the appearance of 
a steep south-easterly dip. This micaceous and talcose variety is 
sometimes found in the same hill underlying the more purely silice- 
ous rock. 

The latter, in nearly all the exposures from the Balcony falls to 
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Thornton’s gap, as well as in various other places, exhibits vague, 
fucoidal and zoophytic impressions on the surfaces of bedding, to- 
gether with innumerable markings at right angles to the stratifica- 
tion, penetrating in straight lines to great depths in the rock, and 
from their frequency and parallelism determining its cleavage in 
nearly vertical planes. These markings are of a flattened, cylindri- 
cal form, from 4th to 5th of an inch broad, giving the surface of 
the fractured rock a ribbed appearance, and resembling perforations 
made in sand which have been subsequently filled up, without de- 
stroying the distinctness of the original impression. Precisely simi- 
lar markings are found in great abundance in the white compact 
sandstone occurring at a higher point in the series, associated with 
numerous unequivocal impressions of fucoides. 

The extent to which these sandstones are developed is compara- 
tively inconsiderable in the southern and northern counties of the 
valley, and their structure and composition are in many respects 
materially changed. 

The jointed structure so thoroughly pervades them in these dis- 
tricts, as to render it extremely difficult to ascertain the dip; but in 
numerous instances, especially in Floyd, Montgomery, Wythe, &c. 
the bedding is nearly vertical, dipping in most instances in conform- 
ity to the rocks of the Blue Ridge, that is, to the south and east. In 
no portion of the region occupied by these rocks can their nature 
and relations be more satisfactorily studied than along the eastern 
margin of Augusta, Rockingham and Page counties. In many parts 
of this district, not only the bold ranges of hills skirting the western 
base of the Blue Ridge, but several of the lofty peaks and ranges ° 
lying upon the western slope of the main mountain, are composed 
of these materials. At Mount Torrey, and Turk’s, and Simmons gap, 
as well as at numerous intervening points, this arrangement is strik- 
ingly observed; and as already remarked, the sandstone thus resting 
upon the breast, and near the main ridge of the mountain, presents 
a gentle but uniform inclination to the north-west. At Calloway’s 
rocks, and the Black rocks, lying north of Turk’s gap, stupendous 
exposures are to be seen; the rock in the two former instances be- 
ing remarkably hard and sonorous, of a slightly ferruginous hue, 
and cleft by smooth joints at right angles to the bedding, which is 
nearly horizontal, thus presenting the appearance of huge blocks of 
masonry piled in massive rectangular columns on the top and sides 
of the ridge, where the exposures occur. In the knob, which tow- 
ers to our left, as we commence our descent towards the valley 
along the Turk’s gap road, the impressions or markings above de- 
scribed are abundantly exhibited. This vast mass of outlying sand- 
stone, presents a gentle western inclination, while the rocks upon 
which it rests are seen dipping steeply to the south-east. These 
minute details in regard to the character of the rocks in question, 
together with the references to particular exposures calculated to 
illustrate their structure and arrangement will, I trust, not be 
deemed unimportant in a geological point of view, when it is con- 
sidered that they relate to the first member of that vast series of 
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strata whose law of succession we have proposed to elucidate, and 
that they mark out the commencement of a train of geological 
operations, which in their progress have given. origin.to the rocky 
strata of a large portion of the territory of the United States. 

At the junction of these sandstones with the limestone of the 
valley, deposits of iron ore are occasionally to be found, which, al- 
though sometimes of a good quality, is often blended with oxide of 
manganese. 


(No. 2.)—The second member of our series, is the valley lime- 
stone with its associated slaty and siliceous bands. Without enter- 
ing into specific descriptions of all the marked varieties of this 
rock, occurring at various points within the valley or elsewhere, it 
will be sufficient at this time to refer to some of its more distin- 
guishing features, economically as well as geologically considered. 
Varying in colour from the deepest blue, approaching black, to a 
light grey, and sometimes an almost pure white, presenting every 
modification of texture from the uniform and compact grain of a 
marble, susceptible of the highest polish, to the soft, slaty, or harsh 
arenaceous structure, and exhibiting a composition equally diversi- 
fied, varying from the pure calcareous spar, to the siliceous, the 
aluminous, and the magnesian limestone, it is obvious, that no one 
general description will be applicable to its numerous modifications. 
For a mineralogical and chemical account of those varieties, princi- 
pally interesting in an economical point of view, I would refer to 
the observations and chemical results embraced in my last year’s 
report. Numerous analyses have been made both before and since 
that time, and investigations on the same subject are still in progress. 

With the view of affording further detailed information in regard 
to the constitution of these rocks, so important in their application 
to agricultural and architectural purposes, the following additional 
analytic results may here be usefully subjoined: 

1. Hydraulic limestone from Reynolds’s quarry, Shepherdstown, 
called grey cement. This specimen is of a light grey colour, rather 
slaty fracture, moderately fine texture, and dull lustre. In the 100 
grains it yielded 


ISTIC et oe ce ese esse a cee es 23.90 grs. 
Memmonate Of Magnesia, ) 24.36 
Res fo Ser eee des cane nets 42.90 
mecerom and alumina... 0.2.0.0... .-. 5s. 2.10 
DIGS SRS Lee ers, 6.74 


The very large proportion of silica present in this specimen, is 
the most remarkable feature in the above results, and illustrates 
what was formerly stated in regard to the highly siliceous nature, in 
general, of the hydraulic limestones of our state. The following 
specimen from the same vicinity, presents a far less proportion of 
this ingredient : 

2. Hydraulic limestone, Reynolds’s quarry, very fine texture, 
and nearly white colour. 

. § 


Oarbonate of lime, .). )30.". 007 noise ee ee 67.50 gers. 
Carbonate of magnesia,...........6.5.5.0. 000 8.36 
Silica) .cinsi.. 0c vig eat eee ee 12.60 
Ox: iron and alumina,. +... ick SEP aeehaeeee 7.00 
Water-and loss, ¥ 2.0.0 02.5 Bee 4.54 


8. Limestone—near Charlestown, on the road to Locke’s tay- 
ern—coarse grain, very hard, of a light grey colour, apparently 
hydraulic. This is one of the numerous localities situated on a belt 
of this rock, running east of Charlestown. 


Carbonate of, lime,.... -:d tis: hae ee Se ee 38.66 
Carbonate of. magnesia, £0). fa despa a hee ne 9.50 
DEAS, do sine ohh hae jinesnfadteseeeiaer ah ae 42.50 
0) ee er ee 2.00 
Ala minay, « ins}s\54 + ag [haere a 1.50 
Water, and, loss, .. . ..4;/i". scope ae ee eee 5.84 


4, Limestone—four miles from Harper’s Ferry, on the road to 
Martinsburg—coarse grain, light grey colour, tinged with red. This 
specimen presents the carbonate of lime with but little admixture, 
and forms an admirably pure lime. 


Carbonate :of. lime... : .,...::.. caphe eae eeen nana 95,86 
Carbonate of magnesia, .isumtueneaiae aati 1.46 
STOA, p05 to «pve ieee 9) +r eigceoglp ake ae ann 1.83 
Ox, iron, alumina, water and loss, ............ 0,85 


5. Limestone—from half mile west of New Market—close and 
fine grained, fracture semi-conchoijdal, dark dun colour, makes ex- 
cellent lime. 


Carbonate of ‘lime... 72's. f) Ane 86.16 
DITICAs so tas cee Pais mse he ns eee . 4.50 
Ox; ironand ‘alimyna, /.)) >. 22.- . eee 0.84 
Water and loss) oe noo 2s a 6.50 


This is destitute of all traces of magnesia. 


6, Limestone—from near Luray—rather fine texture, and dingy 
blue colour, proposed to be used as a flux for iron. 


Carbonate of. lime,.......... 0): 2 78.00 
Carbonate of magnesia, ): : 272). ee 11.37 
Diltea, PL OO 5.50 
Ox. iron and aluming,.. 0... Pp Pica igi 
Water and loss); 2250550) 0 4.86 


7. Limestone—two miles from Christiansburg, towards Blacks- 
burg, Montgomery county—rather coarse grain, irregular fracture, 
tendency to lamination, light greyish blue. 


Garbonate of lime,.. .....0co.. 0) 52.50 
Carbonate of magnesia,... ... 0.4 \.1. aR 34.34 
Silicay. SRF esis oF. 6.84 
Ox: iron and alumina, s'.)i.. 6.5. 20 oT 0.84 


Water.and logs,..3.......5 080% 0 .. 38.48 
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It should be remarked in relation to these results, that while in 
the 4th and 5th specimens we are presented with examples of lime- 
stone of a very pure character, and especially suited to agricultural 
uses, in the others we have additional instances of the highly mag- 
nesian and hydraulic varieties, to which reference was made in the 
former report, and which are here introduced with the view of con- 
firming the statements then given in regard to the usual aspect of 
limestones of this description. Respecting the dark blue or nearly 
black variety of which the composition was at that time particularly 
adverted to as eminently favourable to the production of a good 
agricultural lime, it is deemed unnecessary to add new chemical 
illustrations at this time. On this head I would merely remark, that 
the results of our analyses have been found very uniform in regard 
to this variety, always indicating great richness in carbonate of lime. 

Adjacent to the Blue Ridge, more especially in the south-west 
counties of the valley, the limestone presents the jointed structure 
in a very remarkable degree. In Botetourt, Montgomery, Floyd, 
Wythe, &c. the innumerable subdivisions of the rock, marked by a 
net-work of veins of calcareous spar, the harsh and glistening ap- 
pearance of its surface when fractured, and the nearly vertical di- 
rection of its dip, would seem to indicate the modifying influences 
to which, from its proximity to the Blue Ridge, in the great expan- 
sion of that mountain to the south and west, it was here peculiarly 
exposed. In this region too, more than in any other portion of the 
valley, the general tendency of the limestone to a south-eastern dip 
is to be remarked—in fact it rarely shows itself in any other atti- 
tude, and then only for a small distance. The thin layers of a more 
or less calcareous, dark blue or brown slate, often interposed be- 
tween the beds of limestone in the northern and middle counties, 
become more frequent and have greater magnitude in the south- 
west. There, as may be well seen in parts of Floyd and Montgom- 
ery, these interpolated slates of a brown, red, greenish-yellow, or ’ 
blue colour, occupy a large surface, forming numerous steep ridges 
with intervening valleys or chasms in the vicinity of the Pilot 
mountain, and occurring also, though less abundantly, towards the 
north-west margin of the valley. 

This member of our series, thus extensively exposed in the great 
valley of the state, is also occasionally brought to light at points 
more or less remotely to the west. Thus the beautiful valley of 
Crab-bottom in Pendleton, and the Warm spring valley in Bath, 
owe their fertility and their gracefully undulating surface to the 
presence of this rock. In both these instances, as might be expected, 

an anticlinal arrangement of the strata, giving rise to a narrow val- 
ley of elevation, has caused the exposure of the limestone, while the 
slate and sandstone constitute the third and fourth, or two succeed- 
ing members of the series, dipping away from the valley on both 
sides, or the hills or mountains by which it is enclosed. 

Organic remains, though not in general abundant in the valley 
limestone, may be discovered sparsely distributed in many of the 
beds of which it is composed, and are found in particular layers or 


172 


bands in the greatest profusion. It would appear that they become 
more numerous as we approach the upper limit of the limestone, 
where it adjoins the third or next superior member of our series. 
In these positions the rock is frequently crowded with impressions 
and remains of Encrinites, Spirifers, Productas, Terebratulas, Ortho- 
ceratites, &c. In some of the slaty bands, and in the cherty beds 
so largely interstratified with the limestone of the valley, Goniatites, 
Ammonites, and other remains, are by no means unfrequent, and 
when found are generally in a beautiful state of preservation. 

The travertine, or deposite marls, of which mention has been 
made on former occasions, though not peculiar to the limestone of 
which we are now treating, is so much more abundant in the great 
valley of the state, as to merit some notice in this place. From the 
extent of its exposures in many places, from its great richness in 
carbonate of lime, and from the facility with which, without any 
previous preparation, it can be applied to the soil, it certainly pre- 
sents strong claims to the attention of the agriculturist; but, as yet, 
examples of its application are exceedingly rare, and never of satis- 
factory extent. With the view of inviting an earnest attention to 
this resource, by showing in how great a degree it abounds in cal- 
careous matter, I subjoin the following chemical results. From 
these it will be seen, that if any good is to be anticipated from the 
employment of calcareous manures in this region—and of such a 
result experience leaves no doubt—great benefits may be predicted 
from the employment of these marls. 


1. Marl from Tumbling run, 4 miles from Strasburg, 


Carbonate of lime, 84.5 grs. in the 100. 
2. “ from Hite’s mill, 3 miles north of Strasburg, 
Carbonate of lime, 87.5 
3. “ from Flowing Spring run mill, 24 miles from Charles- 
town, Carbonate of lime, 85.2 
4, “ from Brook creek, between Strasburg and Woodstock, 
Carbonate of lime, 85.2 
5. ‘ from the Opequon, between Winchester and Strasburg, 
Carbonate of lime, 89.7 
6. ‘* from 6 miles north of Woodstock, 
Carbonate of lime, 76.3 
7. ‘ same locality, 
Carbonate of lime, 91.0 
8. ‘ from major Stuart’s, near Waynesborough, 
Carbonate of lime, 81.8 
9. ‘ from White Plains, near Newmarket, substratum in 


field, Carbonate of lime, 85.22 
_ 10. “ » same locality, 


Carbonate of lime, 79.54 
11. “ same locality, 
Carbonate of lime, 76.13 


Besides these deposits of travertine marl, found in the valleys 
and along the rivulets, in almost every part of the valley, there oc- 
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curs in several localities in Floyd county, arocky travertine of great 
compactness and purity, and of a crystalline texture, adapting it to 
building or ornemental uses. Unlike the former variety, this occurs 
high up on the sides of the limestone hills, forming a mantle over 
the calcareous rock, and evidently deposited from springs or from 
the natural inundation of water issuing from the calcareous strata, 
here greatly fissured, and bringing with it large quantities of the 
carbonate of lime in solution. In the same region, and associated 
with the valley limestone, occurs that interesting and valuable sili- 
ceous deposit, the Montgomery Buhr. Varying from a greyish and 
yellowish white to a deep orange brown, and presenting a cellular 
texture and great hardness and sharpness of grit, this unique mate- 
rial possesses qualities which admirably adapt it to the formation of 
mill-stones; and is accordingly, though to a much less extent than 
could be wished, used for this purpose. 

It is in this member of the series that the only available deposit 
of lead ore in the state occurs; a description of the several varieties 
of which, as found in Wythe, was given in the report of last year. 

Another, and by far the most important, of the minerals it con- 
tains, is the iron ore, of which several of the most successful fur- 
naces in the state have availed themselves, and of which, particularly 
as it occurs in the south-western counties, some description has al- 
ready been given. This mineral presents the various forms of com- 
pact, earthy, cellular and pipe iron ore, and in general yields a metal 
of admirable quality. 


(No. 3.)—This member of the series consists of slates and slaty 
sandstones, of various shades of bluish black, lead colour and yel- 
lowish brown, the dark varieties in general predominating. Their 
structure is laminated and fissile, not unfrequently evincing the 
presence of a small quantity of mica. When weathered they in 
most cases assume a yellowish or dingy brown appearance. Usually, 
this slate is devoid of carbonate of lime, though bands are occasion- 
ally met with, containing organic impressions, and of a composition 
more or less calcareous. Iron pyrites is of very common occur- 
rence, giving origin to the sulphureous impregnation of numerous 
medicinal springs, taking their rise in these rocks, some of which, 
as the Shannondale and Winchester springs, have attained extensive 
reputation. 

Resting immediately upon the upper boundary of the valley 
limestone, (No. 2,) this rock or group of strata is exhibited on a 
very extensive scale along the base and flanks of the Peaked moun- 
tain, and the Massanutten, and other parallel ranges, in Rocking- 
ham, Shenandoah, Page, &c. counties. From the synclinal struct- 
ure of most of these ridges, the slate is exposed on both sides of 
the mountain, dipping inwards, that is, to the north-west on the 
eastern side, and to the south-east on the western side. The strik- 
ing symmetry of contour exhibited by the Peaked mountain, when 
viewed endwise from a point south of the termination of the range, 
illustrates the basin-shaped arrangement of the strata of slate rest- 
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ing in a trough of the subjacent limestone, and surmounted by the 
sandstone which forms No. 4 of our series. There are few, perhaps 
no other exposures in the state in which the structure and relations 
of these slates can be so satisfactorily observed, as in the group of 
mountains here referred to; and inno part of this interesting region 
can such observations be made with more readiness, and more in- 
structive results, than in the line from M’Gaheysville, across the 
Peaked mountain, towards Keezle Town. Leaving the former place, 
which is situated in the valley limestone, we are accompanied for 
some distance by that rock, presenting a dip towards the mountain, 
that is, to the west and north. Quitting the limestone we enter 
upon the slate resting upon it and exhibiting the same dip. This 
rock attends us as we ascend the eastern side of the ridge, always 
presenting the western dip, and exhibiting towards its upper bound- 
ary bands of a more calcareous nature, and thin layers of a dark 
brown slaty sandstone, both of which abound in impressions of en- 
crini and other organic remains. This brings us to the massive 
white sandstone, hereafter to be described, which rests conformably 
on the slate, and forming a deep trough or narrow valley on the 
top of the range, is seen dipping towards the east and south, high 
up along the western side. Descending below this sandstone we 
reach the slate again, now dipping to the east and presenting the 
same characters as on the eastern slope. This continues to near the 
base, when we meet with the limestone dipping beneath the slate, 
or to the east, and thus completing the trough-shaped, or synclinal 
arrangement of the strata of the mountain. Beyond the northern 
termination of this group of mountains the slate forms a wide belt, 
passing through Frederick county and on to the Potomac, and im- 
parting marked peculiarities to the topography and agricultural 
features of the region. A similar prolongation of this rock may be 
traced south of the Peak, near Keezle Town, extending with a vari- 
able breadth through Augusta county, where it is finely exposed on 
Christian’s creek, near Staunton, and even passing into Rockbridge. 
Besides occurring in various other parts of the valley, in greater or 
less extent, it is also exhibited, as will readily be inferred, along the 
margins of those anticlinal valleys, such as Crab-bottom and the 
Warm spring, in which No. 2 occurs, lying upon that rock, and pre- 
senting the same general characters as above described. 

In an economical point of view, this rock is chiefly interesting, 
from being the repository of beds of iron ore of great extent and 
value, and of large deposits of the oxide of manganese. In regard 
to the former, incalculably the more important of the two, the ex- 
traordinary productiveness of this rock has already been illustrated 
in sketching some of. the results of our researches in the Big and 
Little Fort valleys of the Massanutten. But I may beallowed again 
to call attention to the rich abundance and excellent quality of the 
iron ores appertaining to this member of our series, as forming a 
part of the structure of those mountains, as well as to the ample de- 
posits exhibited in numerous other localities in connexion with the 
same rock. Though not unfrequently impregnated with manganese, 
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these ores are, for the most part, well adapted to the furnace, and 
yield a metal of excellent quality. Their position is generally near, 
or at the upper limits of the slate, or between it and the sandstone, 
and they seem to have been derived from the ferruginous ingredi- 
ents of both these rocks, through the influence of slow chemical 
changes and infiltration. 

From the resemblance this slate occasionally presents, both in 
colour and texture, to the shale of the coal measures, expensive ex- 
plorations have been made with the view of reaching the coal it has 
been supposed to contain. But, as I have already stated, there is no 
warrant for such an opinion, either in the geological situation of the 
rock, or in the results of observation in Pennsylvania, as well as this 
state. 


(No. 4.)—Resting upon the slates above described, there occurs 
a group of sandstones of which incidental mention has already been 
made in treating of those rocks, as exhibited in the Massanvtten 
ranges. This member of our series may be described as consisting 
of alternations, generally two in number, of red or brown, and com- 
pact white sandstone, the former frequently graduating into an 
ochreous shale. The latter rests upon the shale or red sandstone in 
both instances, and from its massiveness, durability, and the white- 
ness of its weathered surfaces, forms a very conspicuous feature in 
the geological scenery of many of our mountains. Near the upper 
limits of this group, as well as in connexion with the shaly bands 
beneath, organic impressions are often abundantly discovered. The 
thin slabs of buff and olive sandstone lying near the top, are partic- 
ularly rich in these remains, among which may be noted as pecul- 
iarly abundant, a small globose terebratula, and at least two well 
characterised species of fucoides. Cylindrical markings, similar to 
those of No. 1, are often exhibited in great numbers in the more 
compact and fine-grained white or pinkish white strata of this 
group. An iron ore is frequently associated with the more slaty 
strata, and is of almost invariable occurrence in connexion with the 
ponderous brown sandstone which forms the boundary between this 
and the next superior member of the series. 

In the Peaked, Massanutten, and other adjacent ridges, the shaly 
bands are scarcely to be discerned, while the white sandstone is 
developed in great extent, forming all the upper portion of the 
mountain, and presenting long lines of cliffs on either side. Here 
much of the rock is a coarse and very hard conglomerate, the frag- 
ments often angular, and generally but imperfectly water worn, thus 
adapting it to be used for millstones, and giving it a texture and as- 
pect strikingly distinguishing it from the coarse sandstones and con- 
glomerates occurring higher up in the series. In the region lying to 
the west or north-west of the great valley, where the chief expos- 
ures of this group of rocks occur, they present all the characters 
above described. In many of the more massive mountains in this 
part of the state, these strata are found in the interior of the range, 
forming one or more enormous and sometimes unbroken arches, sus- 
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taining the rocks placed higher in the series, and exhibiting in the 
natural sections by which the interior structure is exposed, some of 
the most wildly picturesque scenery in the state. The Great North 
mountain lying to the west of Rockingham and Shenandoah coun- 
ties, is composed of this sandstone, even to its very summit; and on 
its top, and along its rugged and almost inaccessible sides, bears 
witness to the violence of the dislocating forces which have bent 
these massive strata into arches, broken them at sharp angles, and 
tilted them on end or folded. them together. 

Immediately exterior to the slate which rests anticlinally upon 
the limestone of the Warm spring, Crab-bottom, and other valleys 
of elevation, these strata reposing upon the former, lie along the 
outer sides of the enclosing mountains, spreading a mantle of white 
and almost herbless rocks far down the declivity of the ridge, and 
forming a range of precipices, like a line of lofty battlements along 
the mountain top. Such are the curious and striking features pre- 
sented in the Warm Spring mountain, and the still more remarkable 
ridge, called the Devil’s Backbone, as well-as in numerous other 
situations in which our researches have been pursued. 

In numerous instances, of which the Knobly and North fork 
ranges may be taken as examples, the rocks of No. 4, rising in the 
middle of the mountain, in the form of a stupendous arch, divide 
the mountain into three parallel ridges; this rock composing the 
central one, and the rocks of 5, 6, &c. forming those on either side, 
thus presenting a beautiful symmetry of arrangement in the midst 
of apparent confusion, and indicating the extent to which denuding 
forces must have operated to remove the vast incumbent mass, 
which was borne up by the rising strata, when the great central 
arch was originally elevated. 

Another very curious and striking exhibition of the rocks of 
No. 4, is displayed in the long line of hills, which is washed at its 
western base, by the waters of the North fork of South branch of 
Potomac in Pendleton. Here the strata are literally on end, and the 
rocks of No. 4, instead of forming an arch, are folded together by a 
sudden bending at the top, as if the two sides of the arch, by the 
violence of lateral compression had been brought in contact, while 
the rocks of 5, 6, 7, &c. are symmetrically disposed in almost verti- 
cal planes on both sides of the crushed axis. The massive strata of 
No. 4, resisting the action of the weather, or of denuding forces, 
are seen towering above the adjacent more destructible rocks, and 
at each of the numerous openings.in the range, these white sheets 
and grotesque pinnacles of rock, rising on either side, add a pecul- 
iar wildness to the vista-view of dark-wooded slopes of the Great 
North Fork mountain, of which we are thus permitted to obtain a 
glimpse. 

The frequent connexion of this member of the series, with 
scenes of scientific or picturesque interest, might be illustrated by 
numerous other examples, but I will content myself with remark- 
ing, that in the Peter’s, Wolf creek, and other mountains, in the 
south-west, this rock plays a conspicuous part; that in the Jack 
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mountain, it presents two arches, one of them of enormous breadth, 
giving rise at their junction to the celebrated Barn rock; and in 
Brown’s mountain, in Pocahontas county, it exhibits the curious 
spectacle of twelve arches, many of them entire and of the most 
beautiful contour, occupying a distance of more than two miles 
along the bank of Nap’s creek, where it traverses the mountain. 


(No. 5.)—Next above the massive sandstones and shales just de- 
scribed, is a group of soft slates and shaly sandstones, with occa- 
sional calcareous bands, of various tints, of brown, yellow, green 
and lead colour, frequently presenting a mottled aspect, especially 
from the occurrence of blotches of green and yellow, in the more 
massive dark brown strata. This member of the series, is of incon- 
siderable thickness in the middle district. It expands as it proceeds 
north, and in Hardy and Hampshire counties, where it is well de- 
veloped, exerts a marked influence upon the topography of the 
mountains. From the readiness with which it is decomposed and 
worn down by the action of the atmosphere or other causes, it usu- 
ally imparts to the tops or sides of the mountains in which it is ex- 
posed, an undulating form, and occasions that peculiarity of topog- 
raphy already adverted to, in describing the triple structure of parts 
of the Knobly mountain. 

In the south-western counties this member of the series becomes 
far more largely developed, embracing in addition to the shaly strata, 
numerous beds of sandstone, and containing that peculiar species of 
slate which forms the repository of the vast beds of gypsum in the 
valley of the Holston. In fact, in that region the developement of 
these parti-coloured and calcareous shales is even greater than in 
the heart of Pennsylvania, and seems to bear a marked resemblance 
to the expanded form in which they occur in the gypsum and salt 
region of New York. The transition of these strata from the com- 
paratively insignificant dimensions which they present in the middle 
district, to their expanded form in the south-west, has yet been but 
imperfect!y traced, and will afford an interesting subject for future 
investigation, especially as connected with the precise determination 
of the boundaries of the gypseous and saliferous rocks. 

As already indicated, these shales are the repository of the very 
valuable form of iron ore previously mentioned. From its occur- 
rence in thin beds, interstratified with the calcareous shales, from 
its being usually filled with impressions or hollow casts of shells 
and other organic remains, and from its resemblance to a dark brown 
fossiliferous slate or sandstone, it admits of being very readily iden- 
tified, even by those but little accustomed to the examination of 
minerals. So uniform appears to be the association of this ore with 
the present member of our series, that besides being exposed in most 
of the ridges of Hampshire, Hardy, Bath, &., as formerly stated, it 
is exhibited at many points in the valleys ‘of the Massanutten, 
where these shales are brought to light. The observations already 
made upon the economical importance of this ore, will, it is hoped, 
invite attention to it, and the above descriptive remarks, in regard 
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to its form and geological relations, may prove useful in aiding its 
developement. 


(No. 6.)—Overlying the strata above described, and often blend- 
ing with them by repeated alternations of shale and limestone in 
thin beds, we meet with a limestone of more massive character, 
though still at intervals presenting the shaly hue and structure. 
This member of the series is remarkable for its richness in Encri- 
nites, shells and other organic remains. In fact, many of the strata, 
especially towards its upper limits, have the appearance of being en- 
tirely formed of these exuvie. In the northern and middle districts, 
where its characters are most uniform, and have been most exten- 
sively observed, it is found to assume a more arenaceous structure 
as it approaches the overlying sandstone No. 7, and when. seen in 
mass exhibits a peculiar rough and mealy surface, which makes it 
easy to be recognised. When bruised or rubbed, especially if the 
experiment be made with a fragment from the upper beds, it ex- 
hales a strong bituminous odour. In many of the exposures of this 
rock, the beds adjacent to the sandstone No. 7, are interspersed 
with small calcareous and siliceous pebbles. The lower strata of 
No. 7, are separated from each other by thin layers of a highly bitu- 
minous conglomerate of the same description, of which in some 
places I have counted twenty in the space of thirty feet. In the 
south-west, the developement of this limestone appears to be co-ex- 
tensive with that of the subjacent shales. Extending from the west- 
ern base of Walker’s mountain to the commencement of the gypse- 
ous shales, in the valley of the north fork of Holston, it imparts fer- 
tility, together with a singularly picturesque character, to that inter- 
esting region. Though less abundant in organic remains here than 
farther north, it still contains them in some of its strata in great 
numbers. The cherty beds which occur as we approach the sand- 
stone, are sometimes of very considerable thickness, in the northern 
and middle districts. In the south-west, a chert or buhr rock, of 
superior quality, is found at its lower limits, and adjacent to the 
shales. In this district a more shaly structure of the limestone pre- 
sents itself in approaching the overlying sandstone, and near the 
foot of the western slope of Walker’s mountain, a reddish shale oc- 
curs in heavy beds. In an economical point of view, this member 
of the series has strong claims to our interest, from the fact that it 
is the only limestone exposed over wide tracts of our mountainous 
regions, and is often extensively spread out along the tops or on the 
flanks of the broader ridges. In Hampshire, Hardy, Pendleton, 
Bath, Alleghany, &c. counties, numerous available quarries are to 
be found, furnishing a material well adapted to the manufacture of 
lime for agricultural or building purposes, and as will hereafter be 
pointed out, the slaty soils of No. 8, occurring in the contiguous 
hills and valleys, are of anature to receive peculiar benefits from the 
application of this species of manure. As presenting extensive and 
interesting exposures of this limestone, | may here refer to the 
Knobly, Patterson’s creek, Capon, North fork, Prop’s gap, Bull- 
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pasture and Back creek mountains, and to the valleys of North 
fork of South branch, Jackson’s river, Cowpasture, Walker’s creek, 
and North fork of Holston; in all of which regions, it furnishes a 
resource of no inconsiderable value. 


(No. 7.)\—The sandstones composing this member of the series, 
are in general, characterised by an open and rather coarse texture, 
and an extraordinary abundance of organic impressions. In colour 
they vary from a yellowish white toa dark greenish grey. They 
are usually presented, especially the lighter coloured variety, in mas- 
sive beds of several feet in thickness, and from their frequent occur- 
rence along the flanks and declivities of the ridges, dipping at a 
steep angle, and bare of vegetation, they form a curious feature in 
many of the wild scenes among our mountains. Frequently exposed 
in broad sheets of remarkable whiteness, high up upon the sides of 
the hills, they arrest the attention of the traveller, even when at a 
distance, and still more interest his curiosity, when upon a nearer 
inspection he finds them teeming with the relics of a former anima- 
ted world, and exhibiting over wide surfaces of exposure, a display 
of these remains at once prodigal and diversified, and full of useful 
illustration to the geologist. 

The arched structure remarked upon in describing the sandstone 
No. 4, is also conspicuously and beautifully displayed by this mem- 
ber of the series, Frequent exhibitions of continuous and succes- 
sive arches of admirable symmetry and imposing grandeur, are met 
with in the northern and middle districts, where the deep gaps in 
many of the ridges admit us to a view of these sandstones, and occa- 
sionally the subjacent limestone. A noble specimen of scenery of 
this kind is to be found at what are called the Hanging rocks, in the 
neighbourhood of Romney, where the South branch mountain gives 
passage to the South branch of the Potomac, flowing towards the 
east. Here the river flows along the base of a long line of precipi- 
tous rocks, arranged in the form of three stupendous arches, of 
which the most eastern is 250, the second 550, and the third 220 
yards in span. Nearly all the mountains of Hampshire, Hardy, 
Pendleton, Bath, Pocahontas and Alleghany counties, previously re- 
ferred to, exhibit extensive and instructive exposures of this rock— 
which from its whiteness, frequently bare surface, profusion of or- 
ganic impressions, and disposition to disintegrate into a coarse white 
sand, is one of the most strongly and uniformly characterized of the 
members of our series. 

An iron ore has been found in various places in connexion with 
these strata, but of its extent and probable value, I am not yet pre- * 
pared to speak. 


(No. 8.)—Resting in contact with the sandstones above de- 
scribed, and usually forming the lower hilly slope of the mountains 
in which they occur in arched or anticlinal form, we meet with a 
dark coloured and very fissile slate, which constitutes the lowest 
bed of the group of slaty rocks forming the eighth member of the 
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series. These strata which occupy a large extent of surface in our 
mountain region, are not less conspicuously characterized by the 
topographical features to which they give rise, than by their marked 
peculiarities of hue and structure. Sharp, irregular hills, deeply 
furrowed on their sides, and succeeding each other with but little 
order or arrangement, mark the topography of the regions in which 
these rocks occur. A further and equally conspicuous characteris- 
tic of the rocks in question, consists in their frequent and remark- 
able contortions, a phenomenon well calculated to awaken curiosity 
and surprise wherever they are extensively exposed. Very obvious 
differences of structure and external characters are presented in dit- 
ferent portions of this series of slates, and have suggested the pro- 
priety ofa triple subdivision of the strata. The lowest of these 
rocks, or that which rests upon the sandstone No. 7, distinguished 
by its bluish black colour, and by its scaly and fissile texture, caus- 
ing it to fall into thin wafer-like fragments, or to crumble in slender 
fibre-like pieces, resembling portions of decaying wood, I have 
designated as the black fissile slate of No. 8. The second variety, 
presenting various dark shades of green, but more especially re- 
markable for a deep olive tinge which is most pleasingly displayed 
in the weathered and fragmentary condition of the rock as it occurs 
along some of the highways of the state, I have denominated the 
olive slate of No. 8. The third, which is much less uniform in ap- 
pearance, or homogeneous in composition, than either of the pre- 
ceding, embraces many beds of more massive structure, exhibiting, 
especially in its lower and middle portions, a yellowish green and a 
deep brown colouring, and always distinguished by the rusty or 
ochreous staining of its weathered surfaces. Becoming more sili- 
ceous as we approach its upper boundary, it terminates in thick beds 
of sandstone of a dirty grey colour, frequently mottled with purple 
or greenish spots. This I have named the ochreous portion of No. 8. 

The presence of iron pyrites in nodules, generally of a spheroidal 
form, or in a disseminated state, especially in the lowest of the sub- 
divisions above described, favours the disintegration of the rock, 
gives rise to the incrustations of alum, copperas and gypsum, with 
which its exposed surface is usually overspread, and imparts to the 
springs arising in it, that sulphureous and chalybeate impregnation 
for which they are generally remarked. Though not in general rich 
in organic remains, these slates contain many bands or thin beds 
abounding in them in a very high degree. Encrinites, Spirifers, 
Productas, Terebratulas, are crowded together in the closest con- 
tact, and furnish interesting specimens for geological comparison 
‘and description. These organic layers are, or evidently have been, 
more or less calcareous. <A stratum of limestone of pretty good 
quality, and two or three feet in thickness, is frequently found in- 
terpolated among the upper beds of these slates, and is remarkable 
for the number and beauty of the impressions it contains. 

The exposures of this member of the series are so numerous and 
extensive, that it is almost unnecessary to refer to particular dis- 
tricts for exemplification. I may, however, be allowed to remark 
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upon some of its more important localities, as illustrating its geo- 
logical position and characters. The Cowpasture hills, of which an 
interesting section may be observed along the turnpike road leading 
through Jennings’s gap, together with much of the comparatively 
level region, extending to near the base of the Warm Spring moun- 
tain, present admirable exposures of all the subdivisions of these 
slates, and strikingly exemplify their tendency to contorted arrange- 
ment. Similar and equally instructive exposures are exhibited 
throughout a large part of the route from the Warm spring valley, 
by Oedar creek and Callahan’s, to the White Sulphur springs. Oc- 
casionally the subjacent sandstone, No. 7, rises into view, and some- 
times even the limestone, No. 6, still lower in the series, is brought 
up as at Callahan’s rock; but for the most part, the road winds 
among the steep and broken hills of No. 8, occasionally exposing 
portions of the next superior member of the series. The ridges usu- 
ally designated as the Alleghany in this portion of the state, form- 
ing the eastern boundary of Pocahontas county, and lying west and 
north of the Warm and Sweet spring valleys, are for the most part 
made up of the rocks of No. 8, capped in some places by the lower 
rocks of No. 9. In the structure of the Branch, or Great Shenan- 
doah mountain, the relations of these slates are well exposed. The 
basin-shaped or synclinal arrangement of the rocks of this lofty and 
rugged range, exhibits these strata dipping under the mountain, on 
both its eastern and western flanks, and forming the wildly broken, 
and strongly shaded hills, which are crowded along its sides. 

The hills whose diversified and picturesque outlines, impart such 
interest to the scenery around the White Sulphur springs, are 
chiefly composed of these slates, the lowermost division of which 
may be seen in various points, resting on the flanks of the sandstone 
hill (No. 7,) from the bosom of which the waters of the spring 
make their escape. These rocks accompany us for some distance 
towards the Greenbrier river, and then give place, successively, to 
the higher members of the series, until we find ourselves surrounded 
by the strata of No. 11, in the vicinity of that stream. 

In Hampshire, Hardy and Pendleton counties, the strata of No. 8, 
are extensively exposed along the sides of the anticlinal ridges, such 
as the Capon, Sandy, Patterson’s creek, South branch, Knobly, 
North fork and Bullpasture mountains, and occupy most of the in- 
tervening valleys. In Bath, Alleghany, parts of Greenbrier and 
Monroe, Rockbridge and Botetourt, as well as some of the more 
southern counties, their topographical relations are much the same; 
though in proceeding far south, important modifications arise, both 
in the material and structure of these slates. 

Iron ore, and manganese are met with in these rocks. Thin beds 
of bituminous shale, with small lamine of impure coal, have been 
discovered at several points in the lowermost strata, but thus far 
the results of our observations are such as to discountenance any 
probability of finding this mineral in available aiantities in the rocks 
of No. 8. 

It may not be unimportant to remark, that the soils produced by 
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these slates are of very various degrees of productiveness; some be- 
ing distinguished for their fertility, whilst others yield the farmer 
comparatively stinted returns. But in all cases, they appear to pos- 

sess a peculiar susceptibility of improvement, from the application 
of lime, or calcareous matter in other forms. This interesting fact, 

evinced by observations in several localities, is strikingly in har- 
mony with the results of experiments in other quarters of the state, 

where soils or clay, imbued with the sulphates found in these slates 
(alum and copperas), have been rendered quite productive by the 
addition of marl. As gypsum is not unfrequently found in the 

efflorescence on these slaty rocks, and as moreover, I have detected 

it in the slaty fragments mixed with the soil in several places, we 
naturally look to it as one of the causes of the superior fertility 

which some of these soils exhibit, while we would explain the ame- 

lioration of others when acted upon by lime, by the readiness with 

which, under these circumstances, gypsum would be formed. It is 

interesting further to remark, that the means of improving these 

slaty soils is generally within easy reach—as from the usually steep 

inclination of the strata, we have to proceed but a small distance be- 

fore we reach the outcrop of the limestone beds of No. 6. Indeed, 

in a great majority of cases, these strata are exposed in the gaps, and 

along the flanks of the hills enclosing the region in which the soils 

demanding the application of lime occur. 

Sulphuretted waters are of very common occurrence in No. 8. In 
general, the impregnation, gaseous as well as solid, is not great; but 
in many instances, it is fully competent to the production of striking 
remedial effects, and justifies the repute in which several of these 
waters are held. 


(No. 9.)—This member of the series exhibits less constancy of 
character than the preceding. In the northern district, it consists 
of shales and slaty sandstones, generally of an argillaceous composi- 
tion, and presenting an alternation of beds of brown, red, green, 
yellow and dark grey colouring. Proceeding south, the argillaceous 
composition and the variegated hues of these strata become less 
striking, until in the middle district a dark brown micaceous, and 
somewhat argillaceous sandstone, and slate, is found to occupy the 
principal share of this division of the series. 

In Hampshire, where the rocks of No. 9, are beautifully exhi- 
bited in their variegated character, we would refer for localities to 
Townhill, and Big and Little Timber ridges. The synclinal struec- 
ture of the Shenandoah, or Branch mountain, of which mention has 
already been made, beautifully exposes these variegated shales along 
the higher portions of both the eastern and western slopes, first ap- 
pearing immediately above the greyish sandstone of No. 8, and ter- 
minating in the most elevated parts of the range at a small distance 
below the summit, which here is formed of the strata of the next 
superior member of the series. Further south, along the same 
ridge, as at Dry river gap, and towards Shaw’s ridge, the monoto- 
nous brown or dark reddish slate becomes predominant; and under 
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the same modifications, these shales appear on the eastern declivity 
of the front ridge of the Alleghany near its base. In the neighbour- 
hood of the White Sulphur, as before stated, between Huntersville and 
the Greenbrier river, in Pocahontas county, and in numerous other 
' districts, these reddish slates of No. 9, are extensively exposed, but 
perhaps in no district do they present more satisfactory or striking 
developements, than in the wild gorges which lead from the lime- 
stone region of Rockingham, through a succession of precipitous 
and lofty hills, to the eastern base of the Shenandoah mountain. 
The strata dipping very gently to the east, in consequence of an 
anticlinal turn near the eastern foot of the ridge, we have here 
spread over an extensive surface, the rocks which with a steeper dip 
are compressed within a part of the altitude of the mountain, and 
the violence of denuding action have deeply channelled these nearly 
horizontal rocks, we are admitted to a view of a series of lofty pre- 
cipices composed of the massive beds of No. 9, revealing most ad- 
vantageously the composition and structure of the strata. 


(No. 10.)—This consists of rocks of very heterogeneous charac- 
ter, though arranged in general with remarkable uniformity. A red 
sandstone containing white siliceous pebbles, usually about a half 
inch in diameter—a grey, rather open grained sandstone, and a beau- 
tiful white conglomerate—a coarse conglomerate, consisting of very 
large pebbles, embedded in a light olive or dingy green paste—yel- 
lowish, ojive and dull red micaceous soft sandstones—having some- 
thing of a shaly structure, constitute the principal rocks forming 
this curious group. Beautiful ripple markings are often met with on 
the surfaces of the large slabs of the finer of these sandstones. 
Many of the strata of this, as well asthe preceding member of the 
series, are remarkable for the facility with which they may be di- 
vided into thin slabs of uniform thickness, and great extent, and in 
virtue of this property, as well as the durable character of the rock, 
present an admirable material for building. The finer and harder 
variety, of a grey or light yellowish green colour, is often used for 
grindstones, for which it would appear to be admirably suited. 
When thus cleft, the surfaces of the slabs occasionally reveal superb 
collections of organic markings, among which fucoides and calamites 
deserve to be particularly mentioned. Lamine of coal less than a 
quarter of an inch in thickness, have been remarked at several 
points in the more shaly strata of this group, but there is no reason 
to look for an important vein of this mineral among them. These 
rocks may be well seen near the bridge over Howard’s creek, on the 
road from the White Sulphur to the Greenbrier river, and again a 
little east of that river, on the road from Huntersville to the base of 
the Greenbrier mountain. In the latter locality the coarse con- 
glomerates are very extensively exhibited. 


(No. 11.)—The group of limestones, shales and sandstones, com- 
_ posing this member of our series, possesses peculiar interest, as well 
on account of its geological and economical importance, as the ex- 
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tensive region over which it is spread, and to which it imparts fer- 
tility. As formerly remarked, near the northern boundary of the 
state, the calcareous rocks, forming a portion of the group, are but 
slightly developed, and at some distance further north, in Pennsyl- 
vania, limestone, in the form of distinct beds, is entirely absent, al- 
though calcareous matter is found intermixed with the other-mate- 
rials of the shales. As we advance south the limestone assumes 
more and more importance, until upon reaching the borders of 
Greenbrier river in Pocahontas county, it rapidly spreads out on 
either hand, and widely mantles the counties of Greenbrier and 
Monroe, extending also over portions of Fayette, Giles, and the 
counties still more south. This great and sudden augmentation of 
topographical extent, is not, however, to be regarded as marking a 
corresponding degree of expansion in the thickness of this member 
of the group. On the summit of the Alleghany, beyond the head of 
Seneca creek, as we enter Randolph county from the east, this rock, 
accompanied with variegated shales, is developed over a consider- 
able surface, but its comparatively steep dip here, and for some dis- 
“tance further south, contracts the area of its exposure, while in 
Pocahontas, and still further to the south, it assumes a nearly hori- 
zontal attitude, gently undulating, but for the most part dipping to 
the west. Much of this limestone is distinguished by its argilia- 
ceous composition, presenting, when weathered, an ochreous yellow 
surface, arisirg from the removal of the carbonate of lime, which 
leaves the earthy matters, retaining the original form of the mass, 
but peculiarly liable to disintegrate by exposure, and giving rise to 
a light coloured and tenacious clay. The purer varieties, of which 
also there are abundant exposures, are usually of a deep blue colour, 
' and are found to produce avery strong lime. They are often highly 
bituminous, and in many cases contain a marked proportion of car- 
bonate of magnesia. Numerous specimens are now in progress of 
analysis, of which, therefore, no special details can be presented at 
this time. It will suffice to remark, that they present similar vari- 
ety, as to composition, and applicability to useful purposes, as the 
limestones of No. 2. Many of these strata are exceedingly rich in 
organic remains, of which a considerable number do not make their 
appearance in the lower members of our series. The variety, pecul- 
iar characters, and admirable preservation of these relics, will claim 
for them an attentive examination. 
The shales already alluded to, as associated with the limestone of 
No. 11, are remarkable for the richness of their purple, green and 
yellow tints, and in this particular, as well as in their peculiarly 
crumbly texture, when exposed, bearing a striking resemblance to 
the shales of No. 9, as exhibited in Hampshire and Hardy counties. 
The hues are, however, much more brilliant, and the more massive 
exposures in which they are seen give them a higher interest. While 
on the one hand graduating into strata of limestone, from the in- 
creasing predominance of calcareous matter, they are seen on the 
other, becoming more and more arenaceous, until at length their 
usual character is merged in that of a yellowish or dark brown 
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sandstone, generally of slaty structure, but presenting in some of its 
beds the hard and massive character of the sandstones lower down 
in the series. Of the full extent of these alternations in the mem- 
bers of the group forming No. 11, | am not yet prepared to speak 
with certainty, as the western confines of these rocks have as yet 
been inadequately explored. 

It is, however, important to remark, that the seams of bitumi- 
nous coal discovered in the vicinity of Lewisburg, as well as west of 
the Greenbrier river higher up, occurring in the sandstones of this 
group, and therefore below the true coal measures which appertain 
to the next member of our series, cannot be regarded as likely to- 
prove of much value, the sandstones and shales in which they are 
found being themselves buta small subordinate formation, and the 
coal embedded among them in inconsiderable quantity. 

As among the valuable materials associated with the limestones 
and shales, just spoken of, I may be allowed again to notice an iron 
ore of highly promising character, which has been discovered at 
several points in Greenbrier and Monroe. Should I be correct in 
my opinion of its good qualities, and of this chemical examination 
will furnish the means of judging, its value will soon be duly appre- 
ciated, as it indicates a character greatly resembling that of the strati- 
fied ore of the shales of our No. 5, and I have reason to believe, may 
be obtained in abundant quantities. 

The pleasing scenery of the region of these limestones and shales, 
so often adorned by a rich cultivation, strikingly exhibits the influ- 
ence of geological structure on the resources and the prosperity of a 
country, by bringing into the strongest contrast the undulating re- 
gion to which industry was invited, and which it is now rapidly 
beautifying, simply on account of the presence of calcareous rocks, 
and the rugged hills and mountains from which enterprise has been 
repelled by the presence of the barren sandstone, or the equally un- 
productive siliceous and ferruginous slate. The calcareous nature 
of the variegated shales adapts them to the production of a genial 
soil, and thus we find arich vegetation following the exposures of 
these rocks high up along the slopes of many of the hills, until sud- 
denly arrested by the barrier of sterile rocks above. 


(No. 12.)—This member of our series, not falling within the re- 
gion of our explorations during the past season, cannot be described 
at this time. Lying immediately beneath and incorporated with the 
widely extending coal measures of the west, its great importance 
will claim future detailed and extensive observations. 


The above description of the several members or subdivisions of 
our series of rocks, in the order of their superposition, will, it is 
hoped, be found to contribute to useful as well as interesting results. 
While it will serve to elucidate many portions of the preceding re- 
ports, and form the key to much of the present, and those which 
are to follow, I would gladly believe that it will awaken a spirit of 
observation in regions where such a spirit may be beneficially exer- 
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cised, giving to it a direction at once safe and conducive to success. 
Suggesting interesting practical enquiries, and guiding the researches 
of those who are in pursuit of economical results, it will give to the 
investigation of our geology, even in its scientific generalities, that 
stamp of practical usefulness which even those who, unaware of the 
relations of scientific truth to the welfare of society, will be con- 
strained to recognize and admit. 


APPENDIX. 


From the statements which have now been presented in relation 
to the scene and objects, as well asa few of the results of our labours 
during the past season, some idea may be formed of the extent to 
which we were enabled to prosecute active operations in the field, 
and of the success that attended our researches. In further illustra- 
tion of these points, and as intimately connected with the present 
and future usefulness, as well as with the progress of our investiga- 
tions, I may be permitted briefly to advert to the following addi- 
tional facts and considerations. 

In pursuing the chemical enquiries connected with the survey, 
which have been for the most part conducted under my immediate 
superintendence at the University, the want of a laboratory more 
extensive and complete than that previously used, specially fitted up 
and provided for the work, has induced me to erect a building for 
the purpose at my own expense, furnished with ample means for 
analytical research. During a part of the autumn and up to this 
time, chemical enquiries have been in active progress in this estab- 
lishment, and from the increased facilities thus afforded for the pros- 
ecution of this branch of our investigations, I indulge the hope of 
rendering it even more important and extensive than it has hereto- 
fore been. The high value of these researches, manifested by the 
eagerness with which the chemical details embodied in the annual 
reports are referred to for practical objects, is still more strikingly 
illustrated by the numerous enquiries addressed to me, and the nu- 
merous specimens transmitted for examination from various quar- 
ters of the state. The amount of chemical investigation thus be- 
stowed upon the materials of economical value, collected in our 
explorations or forwarded to us from localities not visited, though not 
mentioned in the annual reports, forms a very important item in the 
yearly operations of the laboratory, furnishing useful facts and valu- 
able practical suggestions in relation to the nature and appropriate 
application of our marls, limestones, iron ores and other important 
mineral resources, and thus silently, but largely and continually, 
diffusing information of immediate practical utility to persons in 
every district of the state. 
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In the graphical department of the survey, considerable progress 
has been made in the construction of coloured sections, exhibiting the 
structure of the regions in which our enquiries have been pursued ; 
but much additional work of this description is yet required to give 
the necessary fulness to our elucidation of the mountainous districts, 
and to this end numerous accurate measurements, and alarge amount 
of other labour demanding topographical skill remain to be performed. 

The number and the magnitude of the errors of our state map 
already incidently mentioned, have been found to be so important 
as to render it extremely difficult and almost useless to introduce 
geological delineations upon its surface until the requisite corrections 
have been made. This we have endeavoured to do whenever in 
our power, and our corrections have already been neither few nor 
unimportant—but in view of the magnitude and high utility of this 
branch of our labours in regard to the geographical as well as geo- 
logical uses of the map, I feel it to be my duty to add, that it would 
be desirable at as early a period as practicable to obtain additional 
force for topographical as well as geological operations. The board 
will better appreciate the grossness and the frequency of the blun- 
ders committed on the map from the following facts. On examining 
the county maps, in the archives of the state, from which the gen- 
eral map has been formed, the most extraordinary instances of inac- 
curacy or carelessness occur. The common boundary lines of two 
adjacent counties, which should be identical as to direction and 
length, are rarely found to correspond in the latter particular, often 
differing by a large amount. The adjoining parts of the same river 
or stream are frequently incapable of being brought into juxtaposi- 
tion without greatly distorting other portions of the map. Ina 
multitude of cases the directions of streams and mountains, are 
falsely represented ; sometimes objects of this kind are laid down 
where they have no existence, and still oftener omitted where they 
are sufficiently important to merit notice. The distances between 
places even of prominent note are greatly exaggerated or reduced, 
and in one instance observed during the last year the error was no 
less than the difference between four and twelve miles. Though 
pervading all parts of the map, to some extent, and not less manifest 
in some of the tide water counties than in the mountain districts, 
where the difficulties of measurement render them far more. excus- 
able, these errors are felt with particular inconvenience, in the geo- 
logical delineation of the latter portion of the state, from the number 
of distinct rocks or groups of strata to be represented, from their 
being frequently crowded together in a narrow compass, and from 
their peculiar exposures being for the most part intimately connected 
with the topography of the mountains or valleys in which they ap- 
pear. In attempting to represent them in geological colours upon 
the map, in many cases it was found that a great distortion of their 
relative position and extent would be rendered necessary in order to 
maintain a proper correspondence of the geological and topographi- 
cal features of the district as they had been observed, so that in fact 
a large share of the great and permanent benefits anticipated from 
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an accurate geological colouring of our map must obviously be sacri- 
ficed, unless efticient means be placed in our hands for correcting the 
numerous and glaring errors which so greatly impair its value in its 
present form. While, therefore, our attention will be directed to 
these corrections whenever within our power, I cannot but hope 
that in consideration of the great and various advantages of an im- 
proved state map, an adequate provision for this object will at some 
early day be placed at my disposal, thus enabling me to incorporate 
with a more faithful representation of the topography, a minute and 
accurate delineation of all the geological features of the state. 
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President of the Board of Public Works. 
The honourable the Speaker of the House of Delegates. 


REPORT. 


In conformity with the law requiring an annual report of the 
progress of the geological survey to be submitted to the board of 
public works, I beg leave to make the following report: 

During the season preceding the last, as the board is aware, con- 
siderable progress was made in the exploration of the division of the 
state extending from the western flank of the Blue Ridge to the long 
and irregular escarpment in which the coal bearing rocks of the west 
are first displayed. The importance of a full and minute acquaint- 
ance with the structure of this region in deciding various interesting 
questions bearing upon the extent and value of its mineral resources, 
as well as in facilitating the investigation of the extensive and rich 
territory spreading from its western boundary to the Ohio, rendered 
me particularly solicitous to complete its exploration as early as was 
compatible with a minute and thorough examination of every object 
of scientific or practical interest which it embraced. With this view, 
I thought it expedient to amend the plan of operations previously 
determined upon, and in part referred to in my last year’s report, 
by suspending until the next season the completion of our researches 
in the Tertiary marl] region, of which the greater part has already 
been explored, and devoting all our efforts to this most difficult end 
intricate portion of our task. As the result of this plan of opera- 
tions, it gives me pleasure to inform the board, that with the excep- 
tion of a few points of comparatively little interest remaining yet to 
be examined, the structure and resources of every portion of this 
region have now been thoroughly investigated, and that with the 
mass of detailed information thus procured, I am already entering 
upon the task of delineating its geology upon the state map, accom- 
punying the representation of the strata as they occur over its sur- 
face, with such topographical corrections of the map itself, as numer- 
ous observations made with this view enable me to introduce. 

The active operations of the survey were commenced early in 
April, at which time my assistants, professor J. B. Rogers, professor 
W,E. A. Aikin and Mr. OC. B. Hayden, entered upon their field duties, 
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suitably provided and equipped. A little later in the season two ad- 
ditional assistants were engaged, Mr. I. Slade and Dr. George W. 
Boyd, who repaired immediately to their respective tasks. 

The subdivision of the region to which our investigations were 
principally directed into three districts, as adopted during the pre- 
ceding season, and referred to in my last year’s report, was retained 
with little or no modification, as best suited for the prosecution of 
further research ; and for a similar reason each of the assistants who 
had already been employed in this part of the state, was placed in 
the district which had been the scene of his labours during the pre- 
ceding year, and with the topographical and geological features of 
which he had become in some degree familiar. Accordingly, the 
northern district was assigned to Mr. Hayden, in conjunction with 
Mr. Slade—the middle to professor J. B. Rogers, assisted for a time 
by Dr. Boyd—and the southern to professor Aikin. To Dr. Boyd 
was afterwards allotted the duty of making a continuous examina- 
tion of the rocks along the western flank of the Blue Ridge, so in- 
teresting for the number and extent of their beds of iron ore, and 
of extending his researches into the southern and northern districts, 
as well as making numerous sections across the mountain to its 
eastern base. 

In addition to the researches thus prosecuted within the three 
subdivisions of the extensive region constituting the principal scene 
of our labours, some preliminary investigations were made towards 
the close of the season, both in the coal bearing strata, extending 
from the western boundary of this region to the Ohio, and in the 
midland counties lying east of the Blue Ridge. Aided by the re- 
sults of these and previous observations, we feel ourselves prepared 
to enter systematically upon the exploration of both these divisions 
of the state early in the next season, and it gives me pleasure to add, 
that the comparatively simple geological features they present, and 
the clear general views in relation to their structure and resources 
already acquired, will enable us to make rapid progress in the devel- 
opment of whatever is interesting or valuable within their limits. 

In the chemical department of the survey the improved labora- 
tory arrangements referred to in the appendix to my last year’s re- 
port, have greatly facilitated our regular analytical operations, as 
well as various collateral enquiries relating to the practical value and 
applications of some of the useful materials collected for examination. 
These researches, conducted by myself when not actively employed 
in the field, and since the close of our explorations prosecuted under 
my superintendence by two of my assistants, Messrs. Hayden and 
Slade, are still in progress, and will be continued as heretofore until 
active duties again call me into the field. 

Among the useful results of these researches may be mentioned 
the determination of the composition and consequent value of numer- 
ous specimens of iron ore, either from localities already known and 
resorted to by the furnaces of the state, or from such as have been 
discovered in our explorations, and which hold out the promise of 
becoming valuable at a future day, when the importance of this 
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branch of manufacture shall be so appreciated as to attract a just 
share of the growing enterprise of the community. 

As another contribution to our practical knowledge of the re- 
sources. of the state, of no inconsiderable importance in connection 
with the agricultural improvement of a large district, as well as with 
the construction of some of the public works now in progress, I 
would also mention the comparison, by means of an extensive 
series of analyses, of the composition and properties of numerous 
varieties of limestone found in the valley and farther west, and the 
determination of the chemical peculiarities which adapt them to be 
used as hydraulic cements or for other purposes. 

In addition to these interesting branches of investigation, to 
which much care and labour have already been devoted, and which 
we are still prosecuting, a multitude of analyses have been made of 
other materials of a more or less useful nature, comprising coals, 
marls, lead and copper ores, togetlier with the waters of mineral 
springs and salines. 

In regard to the graphical department of our labours, it may be 
mentioned, that a large number of sections have been constructed, 
illustrating in great detail the structure and mineral contents of 
every portion of the territory in which minute explorations have 
been carried on, and exhibiting all the modifications in the position 
of the strata presented at various points in each ridge and valley. 
These, as well as the sections previously drawn, are now undergoing 
revision, with a view to their reconstruction according to certain 
standard scales; and it is believed, that with their aid, when thus 
perfected, together with that of the map, coloured geologically to 
correspond with them, little will be wanting to furnish a complete 
and accurate view of the mineral resources and geological structure 
of the extensive and intricate region to which they relate. 

Observations for determining the altitudes of the principal ridges 
and escarpments of the region we were exploring, were carried on 
during the season by means of the barometers and altitude thermom- 
eters provided for the survey. The latter instruments, from their 
portable form, and the ease of observing with them, were found to 
be particularly valuable especially in districts of a very rugged to- 
pography ; and of the accuracy of the heights computed from their 
indications, sufficient evidence was obtained on several occasions by 
comparing them with the results of observations made with the level 
ave the barometer, from which they did not differ in any important 

egree. 

In relation to the progress made towards the formation of the 
public cabinets proposed in the law authorizing the survey, it gives 
me pleasure to inform the board that the specimens collected during 
the past season, together with the extensive gatherings of preceding 
years, are already of sufficient amount to form an illustrative cabinet 
of high economical as well as scientific interest. But as it is requisite 
to subject them to minute and repeated inspection, and often to chem- 
ical analyses, before they can be properly arranged and labelled, it 
has been found necessary to retain them within convenient reach 
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while the necessary examinations and analyses are in progress, and 
it is deemed essential to the ultimate value of the collection, that 
this temporary mode of disposing of the specimens be continued until 
the completion of our explorations in every district of the state shall 
enable us to arrange them according to a uniform and comprehensive 
system. Until such a final arrangement shall have been made, founded 
upon a minute investigation of the entire collection when complete, 
and until some suitable apartment shall have been appropriated and 
fitted up for their reception, it is obviously inexpedient to commence 
the formation of the public cabinets in Richmond. 

From the brief statement above given of the progress and present 
condition of the several departments of the survey, the board will 
readily infer the extent and number of the explorations and other 
enquiries already completed. Fully to appreciate the amount of 
labour which has been requisite to bring our work to its present stage 
of advancement, they will bear in mind that a great part of the 
region in which we have been chiefly employed for the last two 
years, is not only remarkable for its rugged and perplexing topog- 
raphy, but for an intricacy of geological structure almost without 
a parallel in any other portion of the globe, and that prior to our 
investigations, absolutely nothing was known of the arrangement of 
its strata, or of the order in which its various mineral contents occur 
in connection with them. It should further be recollected that pre- 
vious to the chemical examinations forming a part of our enquiries, 
scarcely a single analysis worthy of confidence had been made of any 
of its limestones, iron ores, coals or other useful materials. 

In presenting the following brief sketch of the geological posi- 
tion and extent of the mineral resources comprised in the region 
already referred to as the chief scene of our labours for the last two 
years, I need hardly remark, that it isnot my aim to give an account 
of all the objects of interest in this vast territory, or even to include 
any considerable proportion of the details immediately referring to 
the tracts or dis‘ricts of which I shall speak. A full view of our 
observations in this diversified region, even were it expedient to 
give so enlarged a form to the annual report, would prove of com- 
paratively little benefit to the public or to men of science, un- 
less accompanied by a map and numerous sections and other 
graphical illustrations exhibiting the several formations as they 
occur in appropriate geological colouring. What I am about to pre- 
sent, will therefore be rather an exemplification of the practical 
results to which our minute and systematic researches have con- 
ducted us in one of the most interesting portions of the state, than a 
full account, or even a summary-of the various facts and laws that 
have been ascertained in regard to its mineral structure and con- 
tents. At the same time, the information thus furnished will be 
found to be of high practical importance in elucidating the resources 
of this region, and in guiding the researches of those who may be 
desirous of bringing them into use. 

In relation to the plan adopted in drawing up this sketch, it 
shou!d be remarked, that from the close connection that subsists 
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between even the minute features of the geological structure of a 
country, and the position and value of the useful materials asso- 
ciated with its various rocks, it is impossible to convey clear rules 
for the direction of the practical explorer, without imparting to him 
some knowledge of the arrangement of the strata and of their par- 
ticular attitudes in the hills and valleys in which he conducts his 
search. In this view, therefore, a few facts and descriptions of a 
purely geological character will claim attention as we proceed. But 
of these, no more will be introduced than are necessary to make our 
observations distinctly understood, as well as to confer upon them 
their just value as guides to the researches of those who may be dis- 
posed to turn them to account. 


SKETCH OF THE GEOLOGY OF. THE APPALACHIAN REGION 
OF VIRGINIA. 


The extensive area indicated by this title, is included between the 
western slope of the Blue Ridge, and a somewhat irregular line, 
marking the commencement of that portion of our series of rocks 
containing the bituminous coal measures of the west. The latter 
boundary lying a little westward of the lofty escarpment commonly 
known as the front ridge of the Alleghany, in the counties of Hamp- 
shire and Hardy, and the larger part of Pendleton, is accompanied 
by less distinct topographical features as we proceed south. Chang- 
ing its direction near the N. E. corner of Pocahontas county, it pur- 
sues a more westerly course, extending through Pocahontas, Green- 
brier, and Fayette counties and preserving in its various flexures the 
general direction of the irregular ridge designated on the map as 
Greenbrier mountain. Thence it pursues the line of the Flat Top 
mountain, and bending to the east, and again to the west, passes 
westward of Abb and Baptist valleys, and eastward of the sources 
of the Guyandotte and Sandy rivers in Tazewell and Russell coun- 
ties, after which, taking a direction parallel to the Stone and Cum- 
berland mountains in Lee county, but a little to the north of the 
escarpment of these ridges, it passes out of the state into Kentucky 
and Tennessee. 

This prolonged zone, thus passing in an inflected form entirely 
across our state, is continued on the one hand through Maryland, 
Pennsylvania, New Jersey, and a part of New York, and on the 
other, through Tennessee, and for some distance into Alabama, pre- 
senting throughout its course great constancy in the character and 
order of its several geological formations or groups of strata, but 
undergoing important changes in its topographical features as it ex- 
tends southward from the comparatively level region of New York 
into Pennsylvania and Virginia. 

The eastern portion of this zone, constituting in our state what 
is usually called the Valley of Virginia, being composed chiefly of 
calcareous rocks, presents in general the beautifully undulating 
surface characteristic of regions in which such rocks prevail. Jn 
some parts of the valley, however, especially in the middle counties, 
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and as far south as Wythe, the abruptness of the undulations, and 
the loftiness of the knobs and ridges of limestone, give great bold- 
ness, and occasionally even ruggedness, to the topography. The 
general undulating level is likewise interrupted in several instances 
by long lines of lofty hills or mountains rising in the midst or near 
the margin of the limestone, and ranging parallel with the portion 
of the Blue Ridge immediately facing them on the south-east or 
south. These are composed of slates and sandstones later in our 
series of formations than the limestones of the valley, and strikingly 
contrasted in their contour with the subdued and graceful outline 
of the surrounding surface of calcareous rocks. Such are the Mas- 
sanutten ridges, including the Peaked mountain, which for a distance 
of nearly fifty miles, divide the calcareous belt longitudinally into the 
two valleys of the north and south forks of the Shenandoah. Such 
also are the Short Hill, House, Purgatory, Catawba, Tinker’s, Fort 
Lewis, Draper’s and Lick mountains. 

The subdivision of the Appalachian region lying to the west and 
north of the great valley, is every where marked by a bold and rug- 
ged topography. Numerous ranges of mountains, many of them of 
great length and imposing elevation, crowd this ample area. These 
all present the interesting and instructive feature of parallelism with 
one another, and with that portion of the Blue Ridge lying imme- 
diately abreast of them, changing their direction as it changes, and 
obeying not merely its great flexures, but even many of its minor 
and local variations. 

The breadth of the Appalachian belt, including the whole space 
between the valley slope of the Blue Ridge and the commencement 
of the coal bearing rocks of the west, is preserved, with but little 
change, from the neighbourhood of the Potomac, nearly as far south 
as to where it is crossed at right angles by the New river in the 
counties of Montgomery, Giles, Mercer and Monroe. As measured 
on the map, from Westernport in Maryland, to Manasses’s gap, and 
from the Little Sewell to the Bent mountain, as well as on several 
intermediate lines, its width may be estimated in round numbers at 
about 60 miles. Of this distance between a third and a half apper- 
tains to the great valley or limestone zone on the east. Before reach- 
ing the transverse line marked by the course of the New river as above 
referred to, an important change takes place in the valley front of 
the Blue Ridge. Expanding in the form of a wedge as we proceed 
from the neighbourhood of the Bent mountain towards the south- 
west, the ridge here forms a rugged ‘plateau, including a part of 
Floyd and the whole of Grayson county. The eastern slope of this 
lofty table land preserves the previous general bearing of the 
mountain, while the western or valley slope, known in a part of its 
course as the Poplar Camp and Iron mountains, trends off towards 
the west at an angle with the former of about 25 degrees, impress- 
ing the same new direction upon all the ridges in the adjacent por- 
tion of the Appalachian belt. This change in the bearing of the 
strata, accompanied by a crowding of them against each other at 
high and very frequently inverted dips, is marked by a rapid and 
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great contraction in the width of the region occupied by the Ap- 
palachian rocks, so that here these strata are all included within a 
transverse distance of between thirty and forty miles. Estimated 
in round numbers the area of the Appalachian zone, as already de- 
fined, may be stated at about 15,000 square miles, or nearly one 
fourth of the entire surface of the state. 

The several formations occupying this extensive and diversified 
region were described in the report of last year in some detail, ac- 
cording to the order of superposition in which they succeed one 
another, each formation being designated by a number marking its 
place in the series of formations counting from the lowest group of 
strata upwards. At the same time clear evidence was adduced of 
their having all been formed beneath the waters of a widely ex- 
panded sea, bounded along its eastern margin by what is now the 
valley slope of the Blue Ridge. To the eleven distinct groups of 
strata there described, each marked by some peculiarity in its miner- 
alogical character, organic impressions, or embedded rocks or ores, 
are hereafter to be added, as appertaining to the region westward 
and northward of this zone, a twelfth formation consisting usually 
of a white siliceous conglomerate or. coarse sandstone, and a thr. 
teenth comprising numerous beds of slate, grit, limestone and coal, 
out of which it may perhaps be found convenient ultimately to 
form an additional or fourteenth group. 

In tracing this vast series of deposits upwards from the sand- 
stone covering the western slope of the Blue Ridge until we reach 
the highest stratum embraced in our western coal measures, we 
meet with no phenomena favourable to the view at one time enter- 
tained of a geological separation of the Appalachian from the coal- 
bearing strata. On the other hand, although there can be no doubt 
from the appearances exhibited at various points, especially in that 
portion of the Appalachian zone which extends into New York, that 
disturbing forces were occasionally called into energetic operation in 
some parts of this zone while the lower members of the series were 
forming in the bed of the ancient sea, the observations made in all 
parts of the region show so general a conformity in the superposi- 
tion of the strata, and so remarkable a correspondence in the min- 
eralogical and other characters of distant portions of each of the sev- 
eral formations as clearly to indicate the propriety of regarding them 
all as parts of one great series of strata accuinulated as sediment o1 
otherwise over the widely expanded floor of the ancient ocean. 


Referring to the report of last year for a detailed account of the 
several formations contained within the Appalachian zone, from the 
first to the eleventh inclusive, the following brief notice of the more 
prominent characteristics of each will, it is hoped, assist the reader 
in understanding the descriptions and illustrations hereafter to be 
introduced. 

Formation I.—The lowest of the Appalachian rocks consists for 


the most part of a close grained white or light grey sandstone, in 
some places containing beds of a rather coarse conglomerate of 
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white siliceous pebbles. Near the bottom in many instances a 
brownish slaty sandstone occurs alternating with the former, while 
towards the top or approaching the next formation, the sand- 
stone passes into reddish and brownish and olive coloured argilla- 
ceous slates. 

This formation in Virginia is exclusively confined to the western 
slope of the Blue Ridge and the narrow belt of rugged hills and 
mountains extending thence to the commencement of the valley 
limestone. Its chief importance in an economical point of view 
arises from the extensive deposits of valuable iron ore which it con- 
tains. These are mostly found high up among the reddish shales 
and therefore near the margin of the limestone. 


Formation IT. is mainly composed of limestones, and is the pre- 
vailing rock in the great valley lying immediately west and north of 
the Blue Ridge, imparting to that region its fertile soils as well as 
the undulating form of its surface. Of the external characters and 
the chemical composition of the more important varieties of these 
limestones, some account was given in a former report; since then 
numerous observations and analyses have been made confirming the 
opinion at that time advanced of the hydraulic character of those 
varieties containing a large proportion of carbonate of magnesia 
along with the carbonate of line, and showing that the limestones 
of this class are of very common occurrence in the valley, forming 
extensive belts and occupying no small share of the entire surface 
of this region. Occasionally the limestone assumes a slaty charac- 
ter, and in fact in some places is actually replaced by slates more 
or less calcareous and of various tints of brown, grey, yellow, blue 
and green. 

Associated with these calcareous strata, and forming a part of 
the same geological group, are heavy beds of chert or born stone, 
generally of a bluish grey colour, and varying from an open and ve- 
sicular to a compact texture, approaching that of flint or of chal- 
cedony. 

In this group are found several varieties of iron ore, all of good 
quality, as well as the rich veins of lead ore wrought in Wythe 
county, together with less important ones in other parts of the 
valley. 


Formation III. consists of slates and slaty sandstones of various 
shades of bluish black, lead colour, and yellowish brown, having a 
laminated and fissile structure and including thin bands of slabby 
limestone remarkably rich in fossils. 


Formation IV. is composed of a white and purplish white sand- 
stone, varying in texture from a compact fine grained rock nearly 
resembling quartz to a coarse conglomerate, and of red and brown 
sandstones graduating into ochreous shales. Valuable beds of iron 
ore occur in the upper part of this group, associated with the ferru- 
ginous and shaly rocks. 


Formation V. is a group of soft shales and shaly sandstones gen- 
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erally calcareous, with occasional bands of shaly limestone, and a 
compact white sandstone like that of Formation IV. The shaly 
rocks display a variety of tints—as brown, purple, yellow, green 
and lead colour—frequently presenting a mottled aspect from the 
occurrence of blotches of green and yellow in the more massive 
dark brown strata. Associated with these shales occurs the remark- 
able fossiliferous calcareous iron ore referred to in the report of last 
year. This, from its striking peculiarities, would of itself suffice to 
identify the present group were it marked by less distinct characters 
in other respects. 


Formation VI. is made up of limestones, in which the shaly 
character predominates towards the bottom adjacent to the previous 
group, and the arenaceous towards the top, where it immediately 
underlies the sandstone of the next formation. The limestones ex- 
hale a strong odour of bitumen when struck or rubbed, and are con- 
spicuous, especially in the arenaceous layers, for their extreme rich- 
ness in fossils. In this group highly magnesian limestones have 
been found at various points, which, like those of Formation Il. 
yield a lime having the property of hardening under water. To- 
wards its upper boundary, a large admixture of siliceous matter in a 
finely divided slate converts the limestone into a species of chert or 
flint rock, and in some places the calcareous strata are almost en- 
tirely replaced by a material of this description. 


Formation VII. consists almost entirely of a yellowish grey sand- 
stone, generally of rather coarse and open texture, and abounding 
equally with the preceding group in impressions of shells and other 
organic remains. Towards its upper boundary it has generally more 
or less of a ferruginous stain. Indeed this part of it, throughout 
a large portion of the Appalachian region, is the repository of con- 
tinuous beds of iron ore of immense extent, which often replace the 
sandstone for a great depth. 


Formation VIII. is a group of slates and slaty sandstones, gen- 
erally occupying the intervals of ridges composed of the last men- 
tioned, and often of several of the preceding formations. Where 
much expanded it rises into acute and wildly broken hills, seldom 
vieing with the adjacent ridges in altitude, and well distinguished 
by their tendency to the conical or pyramidal form, and the conse- 
quent serrated outline of their summits when forming a continuous 
range. This very extensive group, maintaining uniform characters 
throughout the northern and middle portions of the Appalachian 
zone, was subdivided in my last report into three portions—a lower, 
or black fissile slate, a middle or olive and green coloured slate, and 
fm upper or ochreous slate, of each of which a specific description 
was at the same time given. In a portion of the southern district, 
however, especially on the waters of the north fork of Holston, 
heavy bands of calcareous rock make their appearance in that por- 
tion of the group usually occupied by the olive slates, forming an im- 
portant expansion of the thin calcareous bands occasionally met with 
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in the other districts of the Appalachian region in Virginia as well 
as in Pennsylvania, and rendering the formation of which I am now 
speaking strictly analogous to that in which the gypsum and salt of 
New York are found. Owing to the vagueness of the lines of de- 
markation between the three subjacent groups in this portion of 
the southwestern district, and the almost entire absence in the lo- 
calities previously observed of formations VI. and VII. in the 
report of last year, the gypseous rocks of this region were referred 
to the upper portion of No. V., which was supposed to have be- 
come greatly expanded in the southwestern portion of the Appa- 
lachian belt. But further observation having determined the ex- 
istence in some places of VI. and VII., between the well charac- 
terized shales and fossiliferous iron ore of V. and the slates and lime 
stones here referred to, and having furthermore traced the gradual 
change by which in proceeding southwestwardly the ordinary slates 
of VIII. become more and more calcareous until they are at length 
replaced by important beds of limestone, the true position of these 
calcareous rocks in which the gypsum of our southwest occurs is to 
be regarded as clearly and definitely settled. 

In the lower part of this formation are found copperas and alum 
shales and an inferior variety of iron ore. 


Formation IX. is characterized by red slates and sandstones of a 
rather argillaceous composition, alternating with shales and slaty 
sandstones of green, yellow, brown and dark grey colouring. <A 
more siliceous composition and harder texture become visible in this 
group as we proceed southwards; at the same time the predominance 
of the reddish strata increases, so that midway in the middle district 
this variety includes nearly the whole thickness of the formation. 
Impure iron ore occurs in this member of the series, but in such 
small deposits and so rarely as to possess little or no economical in- 
terest. Of organic impressions it is also remarkably barren. 


Formation X. is well distinguished by the coarse sandstones and 
conglomerates it contains, from the two widely expanded members 
of our series just described. Along with these more siliceous rocks 
and forming the upper part of the group are found olive, yellowish 
and dull red micaceous sandstones, graduating into shales, containing 
impressions of coal plants and thin seams of semi-bituminous coal. 
The association of these shales and coal in one group with the sub- 
jacent conglomerates and sandstone, is deemed both more natural 
and convenient than to regard them as the lower portion of the next 
superior formation, as from a limited examination of the rocks in 
question, was done in the last report. In fact the heterogeneous 
strata of the formation now under consideration, mark the first effort 
of natural causes towards the production of the extensive series of 
sedimentary deposits and beds of coal forming the widely expanded 
coal measures of the trans-Alleghany region—an effort which was 
interrupted for a time by the new agencies employed in the forma- 
tion of the calcareous and other strata of the succeeding member of 
the series. It is in this formation that the semi-bituminous coal of 
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the little North mountain, Brushy mountain, and various localities 
to be pointed out, occurs, and thus the comparatively limited extent 
of these coal strata finds a ready explanation in the fact that during 
their formation the widely spread strata of the true coal measures 
had not yet begun to be produced. 


Formation XI.—This group consists of red and green and yellow- 
ish argillaceous shales, and micaceous soft sandstones, the reddish 
strata predominating, together with bluish argillaceous limestone, 
the latter occupying comparatively little extent near the northern 
boundary of the state, but expanding to great thickness and cover- 
ing a wide area in Pocahontas, Greenbrier and Monroe counties, 
whence still further south it again rapidly contracts. 

Of this group the calcareous rocks are the most interesting in a 
geological as well as economical point of view. Their generally ar- 
gillaceous character is sometimes varied by the introduction of beds 
of chert, which as well as the limestone proper, are often extremely 
rich in organic impressions. <A striking character of this limestone 
consists in the spherical or shot-like forms of which whole beds of 
it are sometimes chiefly composed. This technically called oolitic 
structure has no where else been remarked in our series of rocks, 
excepting in some bands of the chert and cherty limestone of No. 
Il., of which a remarkable instance occurs in the strata forming the 
walls of the natural tunnel in Scott county. 

The upper portions of this group consist of micaceous sandstones, 
often closely resembling the soft grits of the true coal measures, but 
usually separated from them as we shall see by a well characterized 
conglomerate or coarse sandstone appertaining to the next formation. 
These sandstones are often marked with impressions of coal plants, 
and near their upper boundary usually contain a thin seam of coal. 

Tron ore of good quality is found in the shales of this group. It 
is of the nodular variety, resembling that associated with the coal 
measures, and occurs in the shuly beds in layers, alternating with 
the other materials of the strata. 

In tracing the western limits of what we have for convenience 
sake denominated the Appalachian region, the line of boundary was 
drawn to correspond with the first outcrop or easternmost exposure 
of formation XII. In doing this, however, it was not meant to im- 
ply that throughout the area lying to the west and north of this line, 
none of the inferior members of the series appear upon the surface. 
Owing to the undulating directions of the strata in many instances, 
formation XI. is brought up some distance to the west of the princi- 
pal escarpment of the Alleghany, beneath which it had disappeared. 
It is thus that it forms the principal part of the Cheat mountain and 
Laurel Hill, and overspreads a portion of Randolph county, and the 
region to the south and west. Eventually, however, it sinks finally 
beneath formation XII. and is no more seen within the limits of our 
great western coal region. 


Formation XII. is a group of coarse grey sandstones and con- 
glomerates—the latter remarkable for the pertect smoothness and 
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rotundity of its pure white siliceous pebbles. This conglomerate 
usually forms the crest of the backbone of the Alleghany, and read- 
ily yielding to atmospheric agencies, strews the flanks of the ridge 
with the polished gravel thus separated from its parent rock. 
Vegetable impressions are abundant in the associated rocks of finer 
texture, displaying themselves on the surface, or forming deep cavi- 
ties in the mass. 


Formation XIII. comprises that widespread series of sandstones, 
slates, limestone bands, and seams of coal constituting our western 
coal measures. As already intimated, convenience may hereafter 
require its separation into two formations. As yet observations 
sufficiently extensive and minute have not been made in the region 
occupied by these rocks, to warrant such a subdivision, or to render 
proper auy special description of the strata where they have been 
examined. The detailed examinations about to be commenced in this 
portion of the state, will furnish the data for a judicious classifica- 
tion, as well as an accurate descriptive account of the several di- 
visions of the coal measures, and their valuable contents, while it is 
hoped they will greatly aid the explorations of the many enter- 
prising individuals now keenly alive to the resources of this portion 
of our state. 


The following brief explanations of the meanings of certain tech- 
nical terms hereafter to be employed, will it is hoped, aid the reader 
not conversant with geological language, in understanding the sub- 
sequent descriptive account of the Appalachian region. 

The simplest observation suffices to show that the rocks of the 
Appalachian belt present themselves in a variety of attitudes rela- 
tive to the horizon—in some places the successive beds or strata 
resting upon one another in horizontal planes—but in a far greater 
number of instances, more or less steeply inclined, and not unfre- 
quently in a vertical position. Where the stratum thus slopes into 
the earth, the direction of its slope is called its dip. Thus, much of 
the limestone of the valley sinks beneath the surface in a direction 
which prolonged would carry it deep beneath the Blue Ridge. It is 
therefore said to dip towards the east. 

It is evident that a line drawn along the surface at right angles 
to the dip would continue always upon the same stratum, provided 
the direction of the stratum longitudinally were preserved. Such a 
line is called the strike or bearing of the rock. 

In passing across the edges of the strata as they are exposed upon 
the surface in a direction perpendicular to the strike—we will pass 
to lower or to higher strata according as we proceed towards or from 
the point of the compass to which they dip. 

In pursuing such a line it often happens that after passing over 
a series of beds dipping in a particular direction, we come upon 
the same series repeated dipping in the opposite direction—the 
stratum at the point of transition being either bent over in an 
arched form to the reverse dip, or suddenly turned down and frac- 
tured so as to present one portion dipping in the one direction and 
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the other in the opposite. Such an arrangement is called anti- 
clinal—and the line along which the change occurs is called an anti- 
clinal axis. The anticlinal structure is also seen in a mountain 
where the corresponding strata on its opposite sides dip opposite 
ways—and in most cases such a mountain if cleft by the passage of 
a river will display the successive strata composing it in the form 
of an arch springing on both sides from its flanks. 

On the other hand, when the corresponding strata dip towards in- 
stead of from the central line—thus forming a long basin in which one 
stratum fits upon the other like a series of bowls or dishes of diminish- 
ing size—the arrangement is called synclinal—and the central line 
the synclinal axis. Such a structure existing in a mountain will dis- 
play the corresponding beds of rock in corresponding positions on 
the opposite slopes of the ridge, all dipping inwards towards the 
centre of the base of the mountain, and will usually be accompanied 
by the existence of a long trough-like valley on the mountain top. 

By the intervention of a succession of anticlinal and synclinal 
axes, it is obvious that a given formation may be caused to over- 
spread a far greater breadth of territory than when the same dip is 
continued. In such a case the same strata are repeatedly brought 
to the surface and concealed. 

The series of formations from I. to XIII. as above described, are 
usually observed lying one upon another in the precise order of the 
numbers designating them, no matter in what directions the anti- 
clinal and synclinal turns affecting them may cause them to dip. 
So that II. will rest upon I. either horizontally or in an inclined 
position; III. upon II. and so on for the remainder. But some- 
times it will happen that the inclination given to the strata is so 
great, as not merely to throw them into a vertical position, but even 
to force them beyond it. In such a case the lower stratum will be 
brought to rest against the higher—so that I. may rest upon II., II. 
upon III., and so on. ‘This arrangement is what is meant by an in- 
version of the dips, and evidently bespeaks extraordinary violence 
in the forces by which the derangement of the originally horizontal 
positions of the strata was brought about. 

In some eases a deep cleft or fracture is found extending for 
some distance longitudinally among the strata, accompanied by the 
disappearance of some of the strata from the position they naturally 
occupy in the series—so that, for example, II. is found abutting 
against X. or even lying in an inverted position upon it—the inter- 
vening rocks having been ingulphed by a downthrow along the 
line of fracture. Such a dislocation of structure is termed a fault, — 
of which, as will hereafter be indicated, numerous extraordinary 
examples are furnished in the Appalachian region of our state. 


GEOLOGY OF THE VALLEY OF VIRGINIA. 


The extensive zone comprehended under this title embraces all 
that portion of the state having for its eastern boundary the west- 
ern slope of the Blue Ridge and its inflected continuation, the Pop- 
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lar Camp and Iron mountains, and for its western, the Little North 
and a portion of the Big North mountain, with the southern pro- 
longation of the former, Caldwell’s and Brushy mountain; and 
near its south-western termination the line of knobs forming the ex- 
tension of Walker’s mountain. 

Along its eastern margin, as already described, this area is occu- 
pied by the rocks of formation I. constituting the ranges of broken 
hills which flank the Blue Ridge on the valley side, and forming the 
narrow belt of slaty rocks immediately adjoining the valley lime- 
stone or formation II. lying to the west. This limestone, with its 
associated bands of calcareous slate, and its beds of chert or flint 
rock, extends over most of the area; thence to the western margin 
of the valley, broad belts of the slate of formation IIL, and moun- 
tain ranges consisting of this group of rocks, together with several 
of the formations still higher in the series, in some places interrupt 
the continuity of the limestone, and give variety to the scenery, 
soils, and mineral resources of this fertile and picturesque region. 

Commencing our description with the narrow belt adjacent to 
the Blue Ridge, occupied by the sandstones and slates of formation 
I., I will next treat of the valley limestone or formation II., and 
thence proceed to sketch briefly the structure and contents of some 
of the more important ranges of mountains which arise in the midst 
of this generally level zone. 

As stated in the report of last year, the sandstone of formation I. 
is occasionally met with high up upon the flanks of the Blue Ridge, 
as at Turk’s and Brown’s gaps, and other points in that portion of 
the valley. At the Balcony falls, and for some distance to the north 
and south of the gorge through which the James river finds its way, 
this phenomenon is again exhibited, but throughout the greater part 
of its course we meet with the eastern limit of this formation much 
nearer to the base of the mountain. When lying upon the higher 
points of the declivity, its white siliceous strata form a conspicuous 
object in the scene, spreading downwards to the valley with a west- 
ern dip, at first gentle, but rapidly angmenting in steepness, until 
along the mountain base, or a little further west, the higher strata 
of this formation are seen passing from their western dip into the 
vertical, and thence into an eastern and obviously inverted inclina- 
tion. This latter attitude is that most commonly observed in the 
innumerable rocky passes by which the traveller obtains access to 
the main Blue Ridge. Such is the arrangement as yet found to pre- 
vail without an exception in the portion of the valley extending 
from the Potomac to the southern boundary of Page county. 

At Harper’s Ferry, and for some distance south, where the al- 
tered character of the sandstones and slates of this formation ren- 
ders it occasionally difficult to recognize the true dip, and even to 
identify the rock itself, this eastern declination is almost uniformly 
observed, the slates forming a portion of the bed of the Shenan- 
doah, dipping beneath the sandstone which rises in bold cliffs along 
its eastern margin, while the limestone of formation II. dips in 
the same direction beneath the slate, thus pointing to an inver- 
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sion extending entirely through formation I., and even affecting to a 
great distance the rocks of formation II. But this arrangement is 
even more strikingly displayed at Thornton’s and Swift run gaps, 
and along the path to the lofty peak of igneous rock, called the 
Stoney Man, as well as in numerous other places along the valley 
flank of the ridge. 

Of the peculiarities locally observed at Turk’s gap and other neigh- 
bouring passes, some account was given in the report of last year. 
At the Balcony falls, where the western dips are preserved through- 
out a large part of the thickness of this formation, the most favour- 
able opportunities are presented for studying the composition and 
marking the arrangement of these rocks. The formation here rests 
upon igneous rocks, chiefly of the sienitic character, which, in this 
place, form the main axis of the Blue Ridge. These are well seen 
in travelling along the tow path of the canal which follows the 
course of the river through the wild and beautiful gorge by which 
it makes its way from the valley eastward. As we approach the 
western termination of the pass, we mark the commencement of the 
rocks of formation I., which are seen on the side of the canal lying 
upon the sienitic mass with a N. W. dip. The lowest stratum, 
or that in contact with the sienitic, is a brownish decomposing slate, 
evidently much altered by its proximity to the igneous rock be- 
neath; next is a greyish and reddish sandstone, then a slate similar 
to the former, then a repetition of the sandstone, again a slate, and 
at the termination of the gap heavy beds of massive white sand- 
stone, such as constitutes the type of this formation. The average 
dip of the latter, as presented in the imposing cliffs which guard the 
entrance to this pass, is 55° N. W. If now we return eastwardly 
by the road leading over the mountain, we are accompanied for a 
long distance by the strata just described, first losing sight of the 
upper sandstone, then traversing the slate, and thus successively 
passing lower and lower into the series, now spreading out its lower 
strata at a very gentle inclination even to the summit or nearly of 
the main ridge. Here, as well as along the canal, striking evidences 
are seen of the modifying agency of the subjacent igneous rocks, in 
the vitreous character of some of the sandstones, the specks of chlo- 
rite and epidote, disseminated through them as well as the slates, 
and the jointed structure and confused stratification of all the lower 
beds. 

Westward of this line of cliffs a low and level region intervenes, 
exposing, where not covered by the fragments of sandstone from the 
adjoining hills, a friable, reddish or brownish slate; of this mate- 
rial, Salling’s mountain, over which passes the road leading to the 
Natural bridge, is largely constituted. Here, as in most other parts 
of the valley, where they are exposed, these upper slates of forma- 
tion I. present a steep eastern dip, and rest upon the limestone simi- 
larly inclined lying to the west, so that, but for other observations, 
where the natural position of the formation is seen, comparatively 
undisturbed, it might fairly be inferred that the slates in question 
properly belonged to formation III. But such observations, taken 
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in connection with the difference in the character of the two rocks, 
and the distinctly traceable inversion of the more massive beds of 
formation III., clearly show these slates to be intermediate in posi- 
tion between the well marked sandstones of I., and the limestone 
of IJ., and thus therefore, to be very fairly included in an upper 
division in the former. 

Phenomena similar to those here described, are found to prevail 
northward from the Balcony falls to some distance beyond Tye 
river gap, and at intervals as far as Rockfish gap. Southward from 
the falls, the expansion of the rocks of formation I. over the more 
ancient rocks of the Blue Ridge, becomes less and less, until in ap- 
proaching the road leading up Jennings’s creek to the Peaks of Otter, 
we find this formation confined to the western base of the moun- 
tain, whose granitic and sienitic rocks are widely displayed along 
the western slope as far down nearly as the valley level. Here the 
sandstones and slates of I. are all inverted, as are also the limestones 
as far as Buchanan, where they become vertical or tending to a 
western dip beneath formations III. and LV. of the Purgatory 
mountain. 

Still further south, at Buford’s gap, the lofty ridge over which 
the turnpike leading from Liberty to Fincastle passes, consists en- 
tirely of the rocks of this formation, presenting however great 
modifications of structure and composition towards the central part 
of the mountain. This remarkable ridge has much the appearance 
of an irregular and contorted anticlinal axis of formation I., separat- 
ing that portion of the limestone and limestone shales of formation 
II. which occupies the valley about Buford’s, lying to the east from 
the corresponding rocks to the west in the main valley of Virginia. 
At the western base of this mountain the customary inversion is 
displayed. . 

Thence along to the 8. W. by the foot of the Blue Ridge and 
Pilot mountains, through the wild scenery of the Poor mcuntains 
and the almost inaccessible ridges of Mack’s mountain, and again 
along the base of Poplar Camp and Iron mountains, the bold ex- 
posures of formation I. exhibit with scarcely an exception this 
same inverted dip, here presenting itself in lofty cliffs of sandstone 
conglomerate and slate in close juxtaposition with the rocks proper 
to the Blue Ridge. Towards the Tennessee line, a less entire inver- 
sion is discoverable, and in the Holston mountains, a little south 
of the line, vast masses of the lower beds of this formation are seen 
dipping northwardly into the valley. It may be proper to add that 
the Poor mountains and Mack’s mountain are composed almost ex- 
clusively of the rocks of formation I. 


MINERAL CONTENTS OF THIS FORMATION. 


The white sandstone forming the principal and most conspicuous 
member of this group, from the closeness and fineness of grain, and 
the almost exclusively siliceous composition for which it is distin- 
guished, is generally well adapted for a durable building material. 


207 


Some of the layers however, of a less homogeneous composition, 
are liable to rapid disintegration, giving rise in some places to 
the abundant production of a beautiful white sand. This material 
has every quality suitable for the manufacture of glass. An inter- 
esting locality of this sand is to be seen in the vicinity of Darst’s at 
the Balcony falls. Ascending a ravine penetrating the hill composed 
of the upper white sandstone of I. immediately in front of his house, 
we find the rock crumbling, and in some places appearing as loose 
sand, or but a feebly adhering mass. This sand is white, or but 
slightly tinged with yellow, and exists at the quarry in the greatest 
abundance. 

But by far the most important materials associated with the strata 
of this formation are its tron ores, which are both rich and of in- 
exhaustible extent. These, as formerly stated, are chiefly confined 
to the slaty rocks next to formation [1.—although another ore gen- 
erally of inferior quality, but which has sometimes been worked, is 
occasionally met with among the siliceous strata farther east. Of the 
importance of the ferriferous bands of this formation, it is hoped 
more just ideas will be entertained upon duly considering the pre- 
ceding descriptive account of the continuous extent of the for- 
mation itself, as well as the further and more local details which 
follow. 

In tracing the slates in question longitudinally throughout the 
whole length of the valley, fragments of iron ore and other indica- 
tions of the existence of valuable beds of this material are of fre- 
quent occurrence—not only in the vicinity of the mines which 
are or have been actually resorted to, but at innumerable other 
points, the heavy covering of stoney debris from the mountain, 
being the chief cause of the concealment of the massive deposits 
themselves, 

The most northern point at which this ore is mined for the pur 
pose of manufacture is in the neighbourhood of the Shenandoah iron 
works. Near the Page and Rockingham line, it is procured from 
the shales adjacent to the limestone along the base of the ridge 
called Fox’s mountain, composed of formation I. It is here found 
in great abundance, and is well adapted to the furnace. This ore is 
a hydrated per-oxide of iron, generally compact and close grained, 
and exhibiting a smooth fracture. In some specimens it has the 
mammilary and stalactitic character, and not unfrequently pre- 
sents on its freshly exposed surfaces a beautiful play of the pris- 
matic colours. For its chemical composition, as well as that of the 
ores of other localities hereafter noticed, I would refer to a succeed- 
ing section of the present report. 

From this point southward to the neighbourhood of Mount Torrey 
in Augusta county, no ore banks are known to have been opened— 
although at numerous points along the eastern margin of the shales 
of formation I. unequivocal indications of good ore are to be met 
with. At the locality just mentioned, the remains of a furnace are 
to be seen, the ore for which was supplied, at least in part, from the 
same formation. Mount Torrey is itself a mass of the white sand- 
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stone, flanked towards the west by the shales which are here of 
little width, and soon give place to the valley limestone. 

From Mount Torrey the ore appears to continue almost uninter- 
ruptediy along the margin of the valley to a point 8. E. of the Clo- 
verdale furnace in Botetourt county, and is mined to some extent 
in several places for the supply of the contiguous furnaces. At the 
Cotopaxi works, situated on the head waters of South river, and 
immediately at the western base of the low hills flanking the Blue 
Ridge, the massive white sandstone of I. is seen in vertical or in- 
verted sheets forming the western faces of these broken and pointed 
ridges, while a little west occur the shales, the repositories of the 
ore, with a south-eastern dip, and as usual, still more towards the 
west, the limestone. This ore which is a hydrated per-oxide, is 
irregularly stratified and remarkably various in its character—in 
some bands being quite soft and argillaceous, in others almost pul- 
verulent, and in others again, nodular, or solid and compact. 

The ore continues to show itself on the surface at intervals as 
we proceed in a southerly direction skirting the valley, and is found 
mingled in considerable quantity with the fragments of sandstone 
along the flanks of the hills situated immediately to the south of 
Buchanan. 

Aleng the waters of Back creek to the south and west of this 
point, the exposures of ore become numerous and highly interesting. 
The shales containing the iron, begin here to assume a character 
very commonly presented by them as they continue their course 
still further towards the S. W., that of blending with the limestone 
by numerous alternations of the shaly and calcareous rock. The 
ore is found in a line of hills consisting of these mingled rocks, sep- 
arated from the Blue Ridge by a valley of about three quarters of a 
mile in width, and extending in a broken form from about one mile— 
east of Back creek to within two miles of Cloverdale furnace, being 
in all a distance of about nine miles. The summits and western slopes 
of these hills consist in great part of a deposit of the hydrated 
per-oxide of iron, brown and black, with some hematitic surfaces. 
The whole surface seems to be covered with the ore, projecting 
frequently in large masses. The soil is highly ferruginous and little 
or no rock associated with the ore. As well as could be judged, the 
breadth of this highly ferriferous belt is about three fourths of a 
mile, and as already mentioned, its length about nine miles. 

A little nearer the Blue Ridge than the preceding, there occurs 
another variety of ore, associated with the sandstone of formation 
I. This is well seen at Bear Knob, and in a bill about one mile east 
of Mr. Wood’s. Along the western base of Bear Knob, are seen 
disintegrating sandstones and slaty rocks with aS. E. dip. These 
continue to the opposite side, though with a larger admixture of 
the sandstone, and at the summit of the ridge the ore occurs. The 
hill, near Mr. Wood’s, consists of siliceous sandstone, sometimes 
white, though generally ferruginous and containing the ore in beds. 
Along its base, we meet with the ore in large masses, associated 
with the sandstone. It is also scattered profusely over the western 
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declivity, generally in fragments of great size. This ore is hemati- 
tic, and closely resembles that of the shales of the same formation. 
Higher up the hill toward the summit sandstone prevails again, 
associated with iron, and containing crystalized quartz coating chal- 
ceedony in a stalactitical arrangement. The supply of ore to be ob- 
tained from this ridge would be abundant, but the quality is such 
as to produce a cold share metal, better suited for castings than for 
bar iron. 

The continuation of formation I. along the southern margir of 
the valley in the counties of Roanoke, Montgomery, Floyd, Wythe, 
Smyth and Washington, is accompanied by similar ores, and judg- 
ing by the indications upon the surface, and some of the more im- 
portant exposures which have been observed, in quantities not less 
abundant than in some of the favoured districts heretofore noticed. 
At present, however, little or no use is made of any but the lime- 
stone ores of that region, nor indeed does it appear that the other 
ores have ever been resorted to, unless, perhaps, for a partial supply 
at the old Poplar Camp furnace. In Carter county, Tennessee, it is 
understood they are extensively applied, and it is hoped, that they 
may be made equally available at some future day to the growing 
enterprise of the neighbouring portion of our state. 

The brief view that has now been given of the continuity of 
this iron bearing series of rocks, bordering our great valley on the 
east throughout its entire length, is calculated largely to add to our 
estimate of the manufacturing resources of the valley. For although 
numerous localities of the ore have long been known and resorted 
to, it is only by the evidence of this continuity, derived from a care- 
ful geological examination, that just views of the extent of this item 
of our mineral wealth could be obtained. 


Or THe Vattey LimesTonE, AND ITs MINERAL CoNTENTS. 


The rock here referred to constitutes the second in our series of 
formations, lying, where no violent disturbing force has inverted 
the natural position of the strata, immediately upon the upper 
shales of formation J. From the Potomac southward nearly to the 
Rockbridge line, it presents the form of two belts separated by an 
intervening tract of variable width, formed of the next or several 
of the next superior formations. As far south as the northern ter- 
mination of the Massanutten ranges, the dividing band is composed 
exclusively of the group of slaty rocks constituting formation III. 
Further south these mountains bear aloft still higher formations, 
resting upon a basis of the slates, and broadly skirted by them on 
either side; and again after the termination of these ridges in the 
peak near Keezletown, the same zone of slate continues its course 
towards the south, gradually diminishing in breadth until it eventu- 
ally disappears. Similar interruptions in the continuity of the lime- 
stone rocks are produced by the Short Hill, Purgatory and other 
mountains in the more southern portion of the valley, but of these 
no particular description need here be given. 
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As already indicated, the prevailing dip of the limestone along 
its eastern margin where it joins the shales of formation I. is toe 
the southeast. Indeed but few instances occur in the slate in 
which this rock is seen reposing in its natural position upon these 
older strata. As might be inferred from the general prevalence of 
this inversion in the vicinity of the Blue Ridge, the natural causes 
by which it was brought about exerted a powerful influence upon 
the position of all the rocks of the valley, and in some instances 
would seem to have propagated a like inversion entirely across this 
zone and even into the rocks composing the mountain bounding it 
on the west. Of these agencies, however, it is not my purpose as 
it would not be appropriate here to speak in detail, desiring to con- 
fine my remarks to such points merely as will aid in understanding 
clearly the structure of the valley as connected with practical 
results. 

While from the circumstance just referred to the prevailing dip 
of the limestone even in the middle and western parts of the valley 
is towards the south and east, repeated alternations of dip present 
themselves in many parts of its surface. Extensive lines of fault 
and numerous anticlinal and synclinal turns of the strata in axes 
parallel to the ridge may be traced throughout this space, and thus 
the true thickness of the formation, even where it exhibits no uncon- 
formity of dip from its eastern to its western boundary, would be 
very erroneously estimated by referring it to the entire breadth of 
the uninterrupted calcareous zone. Of the limits of the several 
zones of limestone and intervening slate or other rocks, no accurate 
description can be verbally conveyed, the sections and geological de- 
lineations on the map, hereafter to be presented, being alone capable 
of indicating these boundaries with the requisite precision. 

As from what has already been stated it is apparent that the 
principal band of slate (formation III.) running southward from the 
Potomac lies in a synclinal axis, and as the same must be true of all 
other bands of this rock bounded by the limestone on both sides, 
where no dislocation or fault intervenes, we may fairly infer that 
the bands of limestone in corresponding positions near the opposite 
margins of the slate will be found of like character, for in such cases ~ 
they are in fact but parts of the same stratum extending in the form 
of a trough beneath the higher limestones and the incumbent slate. 
The importance of this rule in guiding to particular belts valuable 
either for their lime or hydraulic cement, or for the purposes of or- 
nament, will at once be perceived. It is true that the synclinal 
axis in question is far from being regular, and for a considerable 
distance presents inverted dips of the slate upon its eastern side, so 
as in fact to display only eastern dips throughout its entire width, 
yet even here the rule will be found of use, and corresponding belts 
will be found nearly similarly placed on its opposite sides. It is 
owing to this cause that the very same varieties of limestone are 
met with along the eastern base of the Massanutten mountains in 
Page county as along its western base in Shenandoah. In a simi- 
lar manner through the various anticlinal and synclinal turns of the 
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strata, the same belts of hydraulic cement or blue Jimestone or other 
varieties of the rock are sometimes frequently repeated. It is on this 
account as well as others that it becomes practically of much impor- 
tance to trace these axes, and to delineate them on the map. 

Without entering into minute details, I will now refer to some 
of the more important varieties of the limestone, including the 
hydraulic cement, and some of the other mineral contents of the 
formation of which I am treating. In doing this it may be remarked 
that inasmuch as the materials in question are geologically associated 
with this formation, it is not to be presumed that their existence is 
confined to the Valley of Virginia. In fact they are to be looked 
for wherever formation IJ. occurs, and are hence, many of them, 
actually met with in those comparatively circumscribed tracts amid 
the mountains west of ovr valley, in which from the effect of a 
change in the dip of the rocks this formation is again exposed to 
view. 

Of the limestones peculiarly rich in lime, and therefore especially 
suited to some of the economical uses to which these rocks are ap- 
plied, there are two varieties particularly deserving of notice. These 
are, 

First, the dark blue limestone of a fine grain and smooth frac- 
ture, and 

Second, the dun coloured limestone of a very close grain and 
semi-conchoidal or somewhat rounded fracture. 

The former, though almost black before burning, yields a beau- 
tifully white lime, the colouring matter consisting of bituminous 
and other combustible ingredients, which are entirely expelled by 
burning. 

The latter yields an equally fair and rather purer lime. In both 
these varieties very little silica or magnesia is present, and in no 
case will they be found to furnish a lime capable of setting under 
water. At the same time they are admirably suited for the pur- 
poses of ordinary mortar. 

In selecting these two varieties as particularly suited for cer- 
tain economical uses, it is not meant to imply that many others may 
not be found of sufficient purity to render them valuable for sim- 
ilar purposes. The light blue limestone stained with red on its frac- 
tured surfaces, the bluish mottled limestones and others, though min- 
gled more largely with extraneous matters, yield a good lime, and 
may be usefully employed. In fact, so far as regards that most 
important of all the uses of lime, its application to the soil, I con- 
ceive that there is scarcely a single variety of the calcareous rock 
from which great benefits might not be derived when thus applied. 
Even the magnesian limestones, of which numerous and extensive 
bands have been demonstrated to exist in this as well as the higher 
calcareous formations, is no longer to be dreaded as injurious to the 
soil. An enlarged experience of the effects of limestones of this 
class has of late years clearly proved the error of the former opin- 
ion of their hurtful influence upon vegetation—and no better evi- 
dence can be adduced of the positive value of the lime furnished 
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by them in agriculture than the fact, for which I can vouch by 
my own chemical analyses, that some of the limes in most repute 
in Pennsylvania and further north, as means of ameliorating the 
soil, are actually largely mingled with magnesia. The same fact 
has also been proved in regard to the lime manufactured in some 
places in our own state, and which has been admitted from trial to 
have proved useful to the land. 

Many bands occur in this formation in the valley and further 
west, of a texture and colour adapted to purposes of ornament. Of 
these marbles, for so they may deservedly be called, there are numer- 
ous varieties distinguished by their colour and other important 
qualities, a few of which I will here briefly notice: 

First— The Dun Coloured Marble.—A rock of very homogeneous 
and close texture, and susceptible of fine polish. This is perhaps 
the most abundant marble of good quality in the northern and mid- 
dle counties of the valley. It is met with among other places, near 
New Market and Woodstock, and on the opposite side of the Mas- 
sanutten mountain in Page county, and has been traced a great 
distance both north and south. 

Second— The Mottled Bluish Marble.—This, though rather less 
fine grained than the former, takes a good polish, and is quite orna- 
mental in its appearance. It is seen a little to the west of New 
Market, on the land of Dr. Henkle and may be traced for many 
miles. 

Third— Grey Marble.—This occurs about three fourths of a 
mile from Buchanan, in a south-easterly direction lying very near 
the junction of formations II. and I. In approaching it from that 
point, as we proceed down the river, we first meet with ledges of 
blue limestone having a high easterly dip, which, in the course of a 
quarter of a mile becomes vertical. It then bends over in an arch 
which is well exposed on the side of a cliff, and continuing for about 
half a mile along the road which is now directed more to the south 
as it approaches the line of contact with formation I., its character 
suddenly changes, and we pass from a dark blue limestone, with a 
steep south-eastern dip, to a body of compact fine grained marble, 
not stratified or distinguished by layers, but solid and massive, and 
as worn by the waters of Stone run, resembling at first a massive 
sandstone. !ts colour varies from white to grey, the latter predomi- 
nating. The bed, as exposed on the creek, is about 50 yards in 
width, and it extends into the hills on both sides: course N. E. and 
S. W. A little further east the limestone becomes siliceous, and 
afew yards beyond gives place to alternate bands of a grey hard 
sandstone and dark green slate. About a hundred yards up the 
ereek a bold ledge of white compact sandstone is seen coming down 
the mountain on the left of the road, and rising into the opposite 
hill. Its dip is south a little east; angle 30°. 

Fourth— The White Marble.—This variety is met with at sey- 
eral points in the valley, but nowhere else so abundantly, or of so 
exquisite a colour, and so fine a grain, as in Rockbridge county, at 
a distance of about 5 miles from Lexington. As exposed on the hill 
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in which it occurs its thickness would appear to be about 15 feet, 
and there is reason to think its extent longitudinally very consider- 
able. In susceptibility of polish, fineness and evenness of grain, and 
purity of colour, it can scarcely be excelled. A tendency to cross- 
jointing observed in the exposed masses, may interfere with the 
’ quarrying of large blocks, but it is to be hoped that this defect 
would cease to prevail in the rock at some depth below the surface. 

Fifth—Red Marble.—This variety, so far as yet observed, occurs 
only in the southwestern counties, and is almost entirely confined to 
the tracts of formation I. lying among the mountains to the N. W. 
of the valley. Throughout this portion of the Appalachian belt a 
great prevalence of red material may be remarked in many of the 
formations, and is highly conspicuous in II., especially as it ap- 
proaches formation III., which is-here deeply tinged with the same 
colour. In Giles county, a fine grained red limestone or marble is 
met with on the confines of III., near the base of Angel’s Rest 
mountain, and a more compact and massive rock of the same hue 
in the neighbourhood of Chapman’s ferry. In Scott county, a mot- 
tied marble, in which this colour is pleasantly blended with greyish 
white, is found in great abundance, (a short distunce to the west of 
the courthouse). In the valley portion of this region the dun col- 
oured variety and others are also found. 

Sixth—Shaded Marble.—This variety, found in Rockingham 
county, has been opened, and I believe wrought to some extent by 
Mr. Funks of that county. Its texture is compact and beautifully 
fine, enabling it to receive a good polish, and when thus pre- 
pared it displays a pleasing mixture of yellowish grey and slate 
colours. 

The above account is far from including all the varieties or lo- 
calities of marble appertaining to formation II. as presented in the 
valley or further west—but will serve to shew that this formation 
is by no means deficient in the more ornamental descriptions of 
limestone. 

The magnesian limestones constitute, both from their extent and 
economical value, a very important part of formation II., not only 
in the valley but in the districts lying to the west and north, in 
which this formation is widely exposed. They are usually distin- 
guished by a bluish grey tint, frequently blended with a tinge of 
yellow or brown, by a dull aspect, and a tendency to slaty structure. 
These are not, however, the only characters under which they are 
met with—for in some instances they present a dark blue colour. 
The best general guide to their recognition is the dullness of their 
surfaces, even when freshly broken, and the absence of the smooth 
fine grain of most of the pure varieties of limestone. No test, how- 
ever, merely derived from the aspect of the rock, will furnish a cer- 
tain means for its identification, unless to the most experienced ob- 
server. The following simple chemical procedure is therefore rec- 
ommended as easily conducted and not liable to any ambiguity in 
the result. 

Let a small portion of the rock be reduced to a fine powder in a 
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mortar, and upon this, placed in a cup or glass, pour a portion of 
dilute sulphuric acid (oil of vitriol). Should the effervescence be 
slow and of long continuance, magnesia is indicated—for it is a 
property of the magnesian limestones to be less energetically acted 
on by an acid than the purely calcareous rocks. Allow the mixture 
to remain until the effervescence has entirely ceased, and is not re- 
newed by agitation. Pour the clear liquid off, and placing it in a 
cup, heat it gently until the greater part has been evaporated. Upon 
setting it aside, should magnesia be present, crystals of epsom salt 
will be seen to form, and in process of time will entirely replace the 
liquid. These may easily be recognized by their well known bitter 
taste. 

The extensive existence of limestones of this class in the valley 
and other regions occupied by formation LI. is to be regarded as a 
discovery of some importance in an economical point of view—espe- 
cially when taken in connection with the fact recently established 
by numerous experiments in my !aboratory—that the limestones of 
this and other formations containing a large proportion of magnesia 
are capable, when burnt, of forming a hydraulic cement. In my 
two preceding reports, in giving the results of some analyses of 
magnesian limestones from the valley, I suggested the probability 
that the valuable property referred to would be found generally ac- 
companying the presence of magnesia, and it gives me pleasure to 
be enabled now completely to confirm my former opinion by an ap- 
peal to exact analyses of numerous specimens of these limestones, 
collected in New York as well as Virginia, and to actual trials of 
their capability of furnishing a hydraulic cement. : 

Upon examining the cement rocks procured in New York from 
quarries in high repute and extensively wrought for the manufacture 
of hydraulic lime, as well as that used in the neighbourhood of Louis- 
ville, Kentucky, I have found magnesia to be one of their prominent 
ingredients, existing in them all in such amount as that the carbonate 
of magnesia bears to the carbonate of lime the proportion of about 
three to five. A precisely analogous result was obtained with the 
rock near Shepherdstown in our own state, long celebrated for 
yielding a valuable hydraulic lime, as well as with that of the North 
river near Lexington, of which some use has already been made in 
the public improvements. <A series of experiments with limestones 
similarly constituted as to the two ingredients above mentioned, and 
obtained from numerous other points in the valley, as well as in the 
country beyond it to the west, and even from Loudoun county, has 
-proved them to be endowed with the same faculty of hardening 
under water, and the trials still in progress with regard to numer- 
ous other specimens, shown by analysis to be of similar composition, 
will, it is confidently believed, be attended with precisely similar 
results, 

Without at present attempting to describe particularly the nu- 
merous bands of limestone of this character met with throughout 
the valley and at other points, I wonld merely call attention to this 
subject by enumerating the localities in which it was formerly 
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known to exist, and some of those in which it has been discovered 
in the course of the survey. 

1. Near Shepherdstown on the Potomac extensive quarries have 
been opened for many years. Here the rock rising from the river 
side to a height of nearly two hundred feet, admits of being readily 
detached from the parent bed—and at the same time the water 
power and facilities of transportation immediately at hand render 
the position highly favourable for the manufacture and disposal of 
the cement. Some idea may be formed of the extent of the manu- 
facture at this place from the fact that five furnaces are kept con- 
stantly employed. 

2. Extending southward from the locality above described, this 
band of magnesian limestone may be traced for many miles pass- 
ing near the villages of Charlestown and Millwood. Specimens 
from several points within this range, which have been analysed, 
have shewn the usual proportion of magnesia, and are hereafter to 
be submitted to the further test of actual exposure under water in 
the form of a cement. 

3. A similar band is met with a little west of the western mar- 
gin of the great belt of slate dividing the limestone of the northern 
counties of the valley into two parallel zones: This as formerly in- 
dicated is but the repetition of the band which passes from Shep- 
herdstown towards the south—here made to reappear by the syn- 
clinal structure of the slate and underlying limestone. 

4, A third parallel band makes its appearance a short distance 
east of the base of the Little North mountain, being another repeti- 

tion of that first described, resulting obviously from the anticlinal 
arrangement of the strata of the western of the two limestone 
belts. 

With regard to the rock of both these bands, chemical examina- 
tions are in progress at the present time—and of its magnesian 
character analytical proof has already been obtained. 

5. Near Strasburg and Woodstock a similar band has been dis- 
covered, indicating by analysis the usual proportion of magnesia. 
Specimens from the latter locality have been submitted to the hy- 
draulic test, and have been found to form a lime having the char- 
acter of a moderately good water cement. 

6. As might be anticipated from the synclinal structure of the 
Massanutten mountains, the belt last described again rises to the 
surface on the eastern side of those ridges in Page county, and shows 
itself near Luray, and at various other points. Specimens from these 
localities, though ascertained to contain a large proportion of mag- 
nesia, have not yet been submitted to the hydraulic test. 

7. Specimens having all the external characters of this class of 
limestones have been collected from various points on each side of 
the band of slate forming the southern prolongation of the Massa- 
nutten mountains. About a mile from Wyer’s cave, and a fourth of 
amile from the South river westward, near the residence of Mr. 
Daniel Murray, a band of the magnesian rock is met with, lying 
adjacent to a dyke of trap, the only mass of igneous rock intruded 
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among the limestones of the valley. This limestone has been found 
highly magnesian, and the lime formed. from it becomes hardened 
under water. The same band stretches on to the south, and is seen 
some distance to the west of Waynesborough. 

8. A little N. W. of Staunton occurs a similar band, whose mag- 
nesian and hydraulic character has been established by actual experi- 
ment. 

9. Again, four miles westward of Staunton, another band is met 
with, of which exposures may be seen on the road to the iron works, 
This has been found highly magnesian and hydraulic. 

. 10. Still further towards the west, and near the base of the Little 
North mountain, there occurs another belt of the same description, 
which shows itself at the Chimney rocks, sometimes called the 
Cyclopean towers, Castle hill, and numerous other places in a line 
parallel with the mountain. This also has been ascertained to be 
highly magnesian and hydraulic. 

11. On the North river above the mouth of Buffalo creek in 
Rockbridge county, are found extensive exposures of the mag- 
nesian rock, furnishing the material from which is made the hy- 
draulic lime manufactured at the establishment of Messrs. Graham 
and Edmondson. The breadth of the belt containing the hy- 
draulic limestones is here evidently of great extent, and the rock 
though always highly magnesian, presents much variety both in 
composition and external appearance. Several analyses will be 
hereafter given. 

12. The Natural Bridge consists in part of magnesian limestone, 
some of which is eminently hydraulic. 

13. In the vicinity of Buchanan and Fincastle are found expo- 
sures of bands of the magnesian rock evidently continuous, over a 
long distance, but as yet their chemical and hydraulic examination 
is incomplete. Such bands also pass into and through Roanoke 
county, and are occasionally exposed in Montgomery, Wythe, Smyth 
and Washington counties. The magnesian limestone from near 
Christiansburg, reported upon last year, is ascertained to be hydrau- 
lic. The rock adjoining the lead mines in Wythe, and its continu- 
ation along the flank of the Iron mountain, is highly magnesian, and 
will without doubt be found hydraulic, and the same result is to be 
anticipated from the experiments to be performed upon the rock of 
analogous composition from numerous other localities in the south- 
western part of the valley. 

As already stated, the magnesian and hydraulic bands of II. are 
not confined to the valley, but are to be met with wherever that 
formation is somewhat extensively exposed. Thus in the wide lime- 
stone tract of Giles county—in Tazewell, Russell, Scott and Lee 
counties, where this member of the series overspreads a large ex- 
tent of surface, these bands may readily be traced. 

Nor, as formerly intimated, is this variety of limestone confined 
to the formation in question. A locality of hydraulic cement in the 
Conoloway hill on the Potomac, which has been successfully re- 
sorted to for the use of the Chesapeake and Ohio canal, oceurs in 
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formation VI., and a like material has been found at other and dis- 
tant points where this formation is exposed. 

Of the magnesian and hydraulic rocks discovered in localities 
not within the limits of the valley, but few have yet been subjected 
to complete investigation. For the present the following points in 
which they occur are deserving of our notice: 

14. At Chapman’s Ferry on the New river a rock of this de- 
scription of pretty good quality is abundantly met with. 

15. A similar rock occurs some distance below the ferry. 

16. Another band is met with at Park’s mill, also on the New 
river. Of each of these, the magnesian and hydraulic character 
has been amply tested. 

17. In formation VI. one interesting locality has been submitted 
to the requisite tests. This is at the northern extremity of the gap 
at Crawford’s mountain in Botetourt county. Passing from the 
limestone of formation II. as we enter this gap from the south, we 
next meet with a narrow exposure of formation III. forming the 
low slate hills by which the mountain is flanked on that side. This 
leads us fairly into the magnificent gorge through which the James 
river finds its way from among the mountains into the more open 
region of the valley. Here we see on both sides of the river stu- 
pendous precipices of formation IV., presenting the strata at first 
entirely inverted, further west but partially so, along the summit 
and at the termination of the gap, nearly in a vertical position. 
Then comes a narrow and almost concealed band of the shales of 
formation V., and next we meet with the cement rock in the lime- 
stone of VI. It is highly magnesian, and yields a lime which for 
promptness in setting and final hardness can scarcely be surpassed. 

The external peculiarities and chemical composition of the mag- 
nesian rocks above referred to, as well as of several others, will be 
given in a subsequent section of the present report. I pass now to 


The iron ores of formation II, of which, oniy a brief notice will 
be introduced. 

Of these ores, several important localities have been long known 
and resorted to, but their quantity is by no means as abundant in 
this as in some of the superior formations. In the northern and 
middle counties they either have been, or still are, wrought near 
Strasburg, Port Republic, Luray, Mossy Creek, &c.; and further 
south, at Graham’s furnace and several minor establishments. The 
mines near Luray, from which ore is procured for the Isabella fur- 
nace, are situated about two miles west of the foot of the Blue 
Ridge, and within the confines of the limestone, although none of 
this rock appears either west of them or towards the ridge. 

The beds of ore occur in clay, and only occasionally at the bot- 
tom of the Jowest bed is the rock exposed. These beds are not 
strata interposed between layers of limestone, and cotemporary 
with them, but rather local and irregular deposits, formed at a later 
date in the clefts or cavities of the calcareous rock, and such in 
general appears to be the character of the ores of this formation 
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throughout the valley. At the mines in question, the ore is mostly 
in a granular state, slightly coherent, of a reddish brown colour, and 
after being carted to the furnace, resembles a heap of reddish earth. 
In other parts of the deposit it is quite solid, and is extracted in 
masses of some size. When broken, they somewhat resemble hem- 
_ atitic ore, and contain much ochreous oxide. For their composi- 
tion I would refer to a future section of this report. 

A similar ore, highly esteemed for the metal it yields is found on 
Mossy creek in Rockingham county, under like circumstances to 
those above described, and again occurs contiguous to a part of the 
trap dyke before referred to. 

Of the various other localities in this portion of the valley, and 
thence to the south-west no particular description is necessary 
at present. I will merely add, that they have been met with in 
Botetourt, Floyd, Montgomery, &c., and that in the most southern 
counties the extent of the deposit as mentioned in my last year’s 
report is very great. 

In most cases the limestone contiguous to the ore is cherty or 
flinty, and sometimes the adjacent rock is chert itself. 

Of the lead ore, sulphate of baryta, fluor spar, Montgomery buhr, 
&c., associated with formation II. of the valley, 1 do not purpose 
to treat at this time. 

Of the extent of, formation III., in a portion of the valley, some 
account has already been given. It has been seen that this forma- 
tion, constituting a broad belt extending from the Potomac far into 
the middle counties of the valley, constitutes a great synclinal 
trough, the northern portion of which stretches far into. Maryland, 
sustaining for a considerable part of its length in Virginia, the group 
of long parallel ridges, called the Massanutten mountains. As we 
approach the Potomac, a little north of Smithfield, this broad zone 
of slate is divided into two bands by the interposition of an axis of 
limestone. Throughout this portion of the valley, the dips of the 
slate as well as limestone are uniformly eastward, and the general 
synclinal structure to which this slate belt is to be referred, can 
only be met with along the flanks of the Massanutten group of 
mountains. Even there, in numerous instances, the slate along the 
eastern base of the mountain, instead of displaying a western dip, is 
erected to a vertical position, or is even inverted. 

Under like circumstances this formation is found constituting the 
trough-shaped basis on which the higher formations repose in the 
House mountains, Short Hills and Purgatory mountains. In the 
House mountains the slate forming the base and extending upwards 
about two thirds of the height, presents but gentle dips, so that the 
two successive formations of III. and IV. of which they are com- 
pe are piled upon the subjacent limestone in nearly horizontal 
planes. 

In the Short Hills the trough configuration is well marked, and 
a narrow anticlinal valley of formation IJ. intervenes between the 
east dipping slate of the western flank, and the west dipping slate 
that underlies the Camp and Purgatory mountains. 
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The Purgatory mountain, where it strikes out from the general 
direction of the North mountain, and extends obliquely across the 
valley towards the Blue Ridge, is enclosed by steeply dipping forma- 
tion III., the eastern belt of which, near the termination of the ridge 
opposite Buchanan is slightly inverted. 

South of this the valley again opens, and is occupied by forma- 
tion I., with the exception of the irregular belt of slate lying west 
of Fincastle. Where the Tinker and Catawba mountains rise again 
to conceal the valley limestone, formation III. is seen skirting the 
former as it trends across the valley, then bending around near 
M‘Afee’s knob, and flanking the Catawba mountain throughout its 
entire length. On the south-eastern side of this group of moun- 
tains it is seen continuing its course along the flank of the incon- 
spicnous ridge which lies at the base of the Fort Lewis mountain, 
and thus it passes on until it encloses in its narrow zone the whole 
of this mountainous area. Here, as in the case of the Massanutten 
mountains, the slate on the eastern margin of this region of irreg- 
ular synclinal structure is generally either vertical or overturned. 

Draper’s and Lick mountains are similarly encompassed by the 
slate, which on the eastern flank of the former is generally, and on 
that of-the latter always inverted. 

On the western margin of the valley a narrow belt of formation 
III. extends from the Potomac along the base of the Little North 
mountain, to its termination in Rockbridge county. It then bends 
westward a little south of the gap through which flows the North 
river, and again resuming its general course parallel to the Blue 
Ridge, spreads along the flanks of the Main North mountain and 
its continuation the Purgatory mountain, until it reaches the end of 
that ridge, where, bending abruptly round, it returns along its west- 
ern flank until it rises in the high anticlinal ridge of the Garden 
mountain. From this point the portion of this formation apper- 
taining to the western side of the axis, trending southwardly and 
westwardly, skirts the south base of Crawford’s mountain, leaving 
now a widening space of Jimestone between it and the corresponding 
slate of Purgatory mountain. Keeping this direction it skirts Cald- 
well’s mountain, and continues low down on the North or Brushy 
mountain to its termination in Washington county. Throughout 
the whole length of the Little North mountain, from its commence- 
ment near the Potomac to the gap of the North river in Rockbridge 
county, this flanking slate presents either a vertical or inverted 
position. In the Main North mountain in Rockbridge, for example, 
on the road from Lexington to Covington, the inversion is remarked 
only at the base, and as we ascend the dip changes from a steep to 
a gentle declination towards the north-west. The westerly dips are 
continued along the Purgatory mountain to near Buchanan, where, 
as before mentioned, there is a slight inversion. Along Crawford’s, 
Caldwell’s and Brushy mountains, to its termination, the inversion 
is resumed. These particulars, besides being of importance in 
judging of the dip of the beds of iron ore found in some parts of 
this border of slate, are intimately connected with the peculiar 
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structure of the Little North mountain, and its prolongation towards 
the south. 

The soil of formation III., especially in situations where this 
rock forms the lower part of a mountain, as on the flanks of the 
Massanutten mountain, the Little North and House mountains, &c., 
is distinguished by a high degree of productiveness, particularly in 
the growth of wheat. With a more open texture than most of the 
limestone soils adjacent, it unites the calcareous character in a suffi- 
cient degree to be useful, and perhaps its position low down on the 
mountain slopes tends to enrich it with fertilizing materials con- 
veyed by the rain from the surface above. 

Of the mineral contents of this formation, tron ore is by far the 
most important, and the only one I propose noticing at present. 

This ore, where found occupies a position near the upper limit 
of the formation, and within a short distance of the lower bands of 
formation IV. As occurring in the Big Fort valley of the Massanut- 
ten mountain, and on the slope of Caldwell’s mountain, near the Ca- 
tawba iron works, it presents itself in beds of great thickness and 
length. In the former case, throughout nearly the whole length of 
the valley to its termination near Strasburg, traces of the ore may 
be found, while at Blackford’s mines, where it has been extensively 
excavated for the use of a furnace near at hand, it presents a spec- 
tacle truly imposing, from the magnitude of the deposit in which 
the workings are carried on. At the latter place, the seam of ore 
gradually sloping up the mountain as it proceeds south, may be 
traced for perhaps six miles with but little interruption. 

These ores are the hydrated per-oxide, generally dark brown, 
either cellular or compact, mammilary, and often showing a play 
of colours. They are usually a little tainted with manganese, and 
furnish a brittle metal, which is yet held in high repute. 


The Massanutten mountains, forming the group of parallel ridges 
stretching from the neighbourhood of Strasburg to the peak near 
Keezletown, in all a distance of nearly fifty miles, may be regarded 
as one great compound synclinal mountain tract resting in the 
trough of slate, of which the prolongations northward and south- 
ward have been traced in a previous part of the present report. 
The two principal ridges bounding it on the east and west display 
a generally uniform synclinal structure, the upper portion of each 
being composed of a coarse conglomerate, together with grey and 
pinkish sandstones of various degrees of compactness and fineness, all 
appertaining to formation IV. The eastern or Massanutten moun- 
tain proper, commences at the peak near M‘Gaheysville, and con- 
tinues to the Luray and New Market road. Here it is rounded off 
and terminates in another peak like that at its southern extremity. 
At these two peaks the sides of the prolonged trough of sandstone 
forming the mountain, bend round so as to meet somewhat in a 
semicircular form, the slate at the same time folding around beneath. 
About a mile further to the north, and in the same line, begins 
another similar synclinal ridge which continues with great uniform- 
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ity to the Luray and Woodstock road, being terminated at both 
ends in manner like the preceding. A third ridge now rises, in the 
same abrupt manner as the others, presenting the same rounding 
of the strata to form the end of the trough, and runs on with some 
irregular changes of structure to nearly opposite Strasburg. 

The western ridge commences six miles N. E. of New Market, 
and maintaining a symmetrical synclinal structure of formation IV. 
resting upon III. to its northern termination, ends near Strasburg. 

Between these ridges, but much nearer to the western than the 
eastern, is a third, which commencing near Keezletown, but a little 
south of the peak, continues as a synclinal axis, then forms a ridge 
of east dipping sandstones, and after farther changes impossible to 
be described without a section, terminates opposite Strasburg. 

The valley situated between the eastern ridge and the middle 
one just described, is called the Big Fort valley—that between the 
middle, here called Kell’s mountain, and the western ridge is termed 
the Little Fort valley. In the former, immediately along its eastern 
margin, there occurs a dislocation or fault which brings to the sur- 
face a little of the limestone of formation II]., which is used as a flux 
in the furnace. Directly west of this, and apparently dipping be- 
neath the limestone, are dark slates of formation VIIJ.—beneath 
which, a little to the west, occurs a small band of formation VI., 
the intervening VII., if any be present, being concealed. Next come 
the red shales and accompanying iron ores of V.—and these rest on 
the IV. forming the eastern slope of Kell’s mountain. 

The Little Hort valley is occupied by formation III. exclusively. 

In both these valleys iron ore occurs in great abundance, not 
only in connection with III. as already described, but with V.—and 
is procured from both these formations to, supply the two furnaces 
of Dr. Blackford and Mr. Buck, erected in the neighbourhood. The 
ore from Y. is found to be peculiarly rich and valuable, and may be 
traced for several miles. Manganese also occurs abundantly in the 
Little Fort valley. Viewing the abundance and excellence of its 
ores, and the facilities of transportation which it is hoped will ere 
long be afforded this part of the state, this mountain region would 
seem to be destined, at no remote day, to become a busy scene of 
manufacturing enterprise. 


The Short Hill rises in Rockbridge county opposite Collierstown, 
and terminates in a line of knobs, which prolonged would strike the 
Purgatory mountain some distance above its southern end. The 
valley between it and the Camp or Purgatory mountain, at first of 
considerable width, is rapidly contracted in going south, by the pro- 
longation of the latter ridge out into the valley. Throughout its 
entire length it consists of formation LV. resting upon IJII., which 
rises to some height upon its flanks. A narrow trough-like valley 
extends along the whole length of its summit, exposing the lower 
ponderous red slates of V., accompanied by iron ore, of which frag- 
ments are scattered abundantly over the surface, mixed with the de- 
composed shales. As is usual with the soil derived from formation 
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V., that of some parts of the valley in question is of good quality, 
and has been brought under cultivation on Barton’s farm. . 


The Purgatory mountain, commencing in the Camp mountain, 
displays for some distance south the regular synclinal structure, 
formation IV. resting on III., and both rocks on the western side 
dipping to the east, and on the eastern to the west. The dips be- 
coming gentler as we trace the mountain southward, the usual 
trough-like capping of IV. ceases to be exhibited about six miles 
above the termination of the ridge. Here and for some distance 
towards the south the summit of the mountain presents the upper 
slates of III. with a small and broken remnant of the lowest band 
of IV.—and it is at the junction of the two that exist those ample 
beds of iron ore, from which the Etna and Retreat furnaces were 
formerly supplied. Continuing south, the sandstone resumes its 
place, and the dips now rapidly steepening, the massive strata of 
this rock are seen folding together, until at the end of the mountain, 
near Buchanan, they are pressed into a vertical position between 
enclosing buttresses of formation III., which; also in a crushed state, 
is folded around the abrupt termination of the mountain. 

Of the extent of the deposits of iron ore above referred to, as 
also those situated under similar geological circumstances on the 
west and east flanks of the mountain, the most ample evidence has 
been procured. At the upper bank before alluded to, the whole 
top of the mountain appears to be composed of it, and in numerous 
other places near the junction of formations III. and LY., indications 
of large deposits are to be met with. 

The group of mountains still farther south, including the Tinker, 
Catawba and Fort Lewis, is bordered, as already described, by a nar- 
row belt of III. passing entirely around it. Along the Catawba side 
this rock supports arim of formation 1V., dipping, conformably with 
the slate beneath, in a southeasterly direction, so as to pass under 
the rocks occupying the inner area of this mountain tract. This 
sandstone forms the eastern slope of the Catawba mountain, and 
presents in many places wide exposures of smooth grey rock, almost 
destitute of vegetation, spreading with a regular inclination down to 
the thickly wooded valleys of Carvin’s and Mason’s coves. A little 
north of M‘Afee’s knob, opposite the Catawba furnace, the slate 
and overlying rim of sandstone suddenly bend around to the east 
and form the low ridge which leads to the vicinity of Cloverdale 
furnace. At this point it again makes a sudden elbow, and thence 
passing a little west of the Botetourt springs, forms the Tinker 
mountain, and its low inconspicuous prolongation along the eastern 
base of the Fort Lewis mountain. The structure of these two por- 
tions of the enclosing ridge is marked by very interesting phe- 
nomena. The transverse one presents its strata much dislocated, 
but shewing in the main a southerly dip, carrying them beneath the 
rocks of Carvin’s cove, and the eastern displays a wall of formation 
IV., sometimes pressed over beyond the vertical by the band of 
slate adjoining it on the east. The area included within these 
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boundaries is chiefly occupied by the rocks of VIII. and IX. Within 
the coves, and near the base of the slope of Catawba mountain, 
small exposures are met with of the limestone VI. as well as of V. 
and VIJ.—but owing to the dislocation along the eastern margin 
these are scarcely to be distinguished, and where seen are only 
exhibited in small amount, and in crushed condition. Even the 
massive beds of hard sandstone forming IV., here, as in other like 
instances of structure, display the marks of those violent agencies 
to which they owe their present erect or inverted position, in count- 
less intersecting joints and surfaces, polisbed by the attrition of rock 
grinding against rock under the most enormous pressure. The Fort 
Lewis mountain really appertaining to the higher rocks is but a por- 
tion of the tzner area of this irregular synclinal tract, while the true 
boundary of the trough, upon the east, will be found in a low and 
here searcely visible ridge, lying a little south and east of its base. 

The highest formation included in this range or any where con- 
tained within the enclosure just described, is the group of slates 
composing IX., of which along with VIII. the Fort Lewis is en- 
tirely composed. This fact is important to be borne in mind, as 
proving the hopelessness of attempts to discover any true coal seam 
within the limits of this tract. 

In Draper's mountain, still further south and west, a semi-broken 
synclinal structure has been ascertained. The peak, near Newbern, 
forming one angle of the irregular trough, which, rapidly expanding 
in proceeding south, again contracts until terminated in that direc- 
tion by Hamilton’s knob. A low broken wall of formation IV. ex- 
tends on the southeastern side from the peak to the knob, often 
exhibiting the inversion so often before referred to, while on the 

- opposite side the bounding ridge of III. capped by IV. presents 
eastern and more gentle dips. Draper’s valley, lying between these 
enclosing ridges, displays the higher formations to VIII, inclusive, 
but as in the former instance, V., VI. and VII. are inconsiderable, 
and the more level cultivated portion of this valley exhibits alone 
the slates of VIII. 

The Lick mountain, properly considered but a resumption of 
the synclinal capping of IV. after it has been lost in the short 
interval between Hamilton’s knob and its northeastern termination, 
is a long and irr egular ridge or group of ridges in which IV. form. 
ing the upper portion is often folded upon itself by the inversion of 
both If. and IV. along the eastern side. In ascending the bold 
precipices of LY., opposite Wythe courthouse, called the Chimney 
rock, the eastern dip of the slates is well marked along the western 
flank of the ridge, and passing higher up the massive beds of white 
coarse sandstone belonging to IV. are seen lying upon the slate 
with a confor ming dip, presenting by the projection of thin basset- 
ting edges that imposing wall-like cliff of rocks, from whose summit 
the traveller is admitted to a view of the surrounding region at 
once wide and beautiful and grand. 

In both the Draper’s and Lick ranges iron ore occurs at the 
junction of III. and IV., with every indication of being in valuable 
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amount. <A locality especially deserving of notice is met with on 
the side of the peak in ascending from Peak creek towards the 
summit. The ore displays itself in a massive bed at or near the 
commencement of LY., and is of highly promising quality. 


Or THE Rocks oF THE Litrrxe Norta MoUNTAIN, AND OTHER 
Rivers BounpING THE VALLEY ON THE WEST. 


The Little North mountain throughout its whole length from 
the Potomac to near Jennings’s gap, exhibits great uniformity of 
composition of structure, consisting on its valley slope of formation 
JI1., towards its crest of IV., and westwardly of V., VI. and VII. 
The first mentioned of these formations as already described, lies 
in an inverted attitude, dipping more or less steeply to the east. 
A like inversion is found also to affect the rocks west of this form- 
ing the mass of the mountain, extending in some cases through- 
out the whole series as far as VIII., and in others, ceasing to 
operate at some intermediate point. In the latter case, the rocks 
generally consisting of V. VI., and VII. forming the western half of 
the ridge, display a western dip, increasing in steepness as they are 
nearer the eastern side of the mountain, until at length some of the 
strata are seen on end, and still further towards the east the inver- 
sion is exhibited in the whole or a part of 1V., which is thus made 
to slope towards the valley and under III. 

In general, the thickness of V., VI. and VII. as included in the 
structure of this mountain, though extremely variable, is much less 
considerable than in the ridges lying towards the west. The same 
is also true of IV., though not without important local exceptions. 
Extensive deposits of iron ore, such as accompany these formations . 
when of greater thickness are therefore not to be looked for gen- 
erally in the strata of this mountain. 

The extraordinary phenomenon of inversion presented through- 
out this prolonged ridge, will be better understood in its several 
gradations by a brief reference to the arrangement of the strata at 
two or three points of easy access. 

In the gap leading to the Augusta springs, after quitting the 
limestone of the valley (formation II.,) the last portions of which 
present an eastern dip, we remark the slates of II. lying conform- 
ably beneath them. Then follow the heavy red and white sand- 
stones of IV. forming the spine of the ridge and underlying the 
slates, next we have the thin red shaly band of V., succeeding to 
which are the limestone of VI. and the sandstone of VIL, all dipping 
in the same direction; and last of all, we come upon the black fissile 
slate of VIII. from which the sulphuretted water flows, crushed and 
folded together, along the western base of the ridge. Here it is evi- 
dent the inversion has operated upon all the strata of the mountain. 

At Brock’s gap the same succession of eastern dips prevails as 
far west as to the middle of VII., at which point a transition is ob- 
served from vertical to west dipping rocks, and the slates of VIII. 
which follow, lie with a west dip in their natural position upon VII. 
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At Green spring gap, Hedgesville, and numerous other points 
accessible by the common roads, a similar partial or entire inversion 
may be readily remarked, and minute observations at all the inter- 
vening points of the ridge have shown that this structure pervades 
it every where. 

South of Jennings’s gap it assumes a new structure in which an 
irregular synclinal trough of IV. makes its appearance upon the 
mountain top, the western rim of which suddenly bent down into 
a steep west dip, forms the western slope of the mountain. Here 
IV. as well as the superior formations has become more massive, so 
that in the dowble as this synclinal trough is called, as well as near 
the western flank of the mountain, extensive and valuable beds of 
iron have been found, associated with IV., V. and VII. 

The rocks of formation IV. now greatly augmented in thickness, 
appear with a comparatively gentle western dip at Streckler’s gap, 
and spreading round towards the west become continuous with 
those of the Great North mountain opposite Lexington. Of the 
Purgatory mountain which is a continuation of this, some mention 
has already been made. 

- Commencing now at Crawford’s mountain, with a partial inver- 
sion already noticed in alluding to the hydraulic limestones of VI., 
a great and prolonged dislocation presents itself. This first becomes 
distinctly evident at the point in which the road from Fincastle to 
Dibrell’s springs passes by the end of this mountain. For here we 
find formation III. brought in contact with VIIL., all the intervening 
rocks having disappeared, so that the road passes across the line of 
Crawford’s mountain without ever quitting slate rocks, though a 
short distance to the right, the high cliffs of IV. are seen interposed 
between III. and the upper rocks. Southwest of this the extent of 
the dislocation varies for some distance but eventually increases so 
as to bring LY. or III. in contact with X. This line of fault, one 
of the most extensive of which I have any knowledge, continues 
along the margin of the valley beyond the termination of the Brushy 
mountain in Washington county, lying on the flank or immediately 
at the foot of the mountain. Throughout its whole length the slate 
of formation III. lies in an inverted position on the southeastern 
dipping rocks of the ridge, which are generally formation X. 


Or THe Semi-Biruminovus Coat or Sreepy Creek, CaTawsa, 
Tom’s OrEEK, ETO. 


The foregoing account of the structure of the mountain belt im- 
mediately west of the valley will be found of essential aid in illus- 
trating the geological relations and probabie economical value of 
the seams of anthracite and semi-bituminous coal lying adjacent to 
‘the valley, and of which some mention has been made in previous 
reports. 

It has now been ascertained beyond a doubt that the coal in 
question does not appertain to that part of our series of formations 
in which are contained the anthracite of Pennsylvania and the 
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bituminous coal of western Virginia and Pennsylvania, and of the 
great western coal field in general, but that they are of much ante- 
rior production, being included in the tenth of our series of forma- 
tions, whereas the others are contained in the thirteenth. A great 
thickness of slates, sandstones and sometimes limestones correspond- 
ing to formations XI. and XII. intervenes between the two series of 
coal deposites, the lowest of which, that appertaining to X., having 
been as it were but a first effort, soon arrested, and productive only 
of one or two thin seams. 

The following details, derived from numerous minute observa- 
tions, will sufficiently indicate the circumstances under which the 
coals in question are presented both in the Sleepy creek and Third 
hill mountains, and in the North and Brushy mountains. 


CoaL oF SLEEPY CREEK AND Tuirp Hitt Mounrars. 


These mountains may be described as forming the sides of an 
elevated synclinal trough of formations IX. and X., commencing 
about 14 miles north of Pughtown, and continuing nearly to the Po- 
tomac, the Third hill composing its eastern and the Sleepy creek 
mountain its western boundary. Throughout much of the length of 
the former a partial inversion of the strata consisting of IX. is found 
to prevail for some distance up its eastern slope, evidently referrible 
to the same mechanical forces which were instrumental in causing 
the inversion of the Little North mountain a few miles to the east, 
and of the rocks generally of the intervening space. Opposite to 
Green spring gap in the Little North mountain both the Sleepy 
creek and Third hill mountains consist of the red sandstones and 
shales of formation IX., having in the former a moderately steep 
eastern dip, while in the latter they are vertical or steeply west dip- 
ping nearly to the top. North of this the inversion of IX. in the 
Third hill becomes decided, the dips in the other mountain continu- 
ing as before. Near where the Bath and Gerardstown road crosses 
the trough, the elevation of both ridges is suddenly and largely aug- 
mented by the addition of heavy overlying beds of white sandstone 
and conglomerate appertaining to formation X. These continuing 
thus for several miles, are at length united in an elevated basin, in 
which, resting upon the sandstone and conglomerate above described, 
are contained the slates and coal seam of which it is my chief ob- 
ject at present to treat. 

At the most southern point at which coal has been discovered, 
about 11 miles from the northern end of the basin, an undula- 
tion or anticlinal wrinkle makes its appearance in the sandstone 
near the middle of the trough, and this structure is continued, form- 
ing a low broad hill, to the northern termination of the basin. At 
the same time the Third hill takes on a synclinal character, which: | 
it maintains nearly to its close. Thus, therefore, besides the general 
synclinal structure of the two mountains, there are two important 
rolls, which, affecting the strata containing the coal, explains the 
number of exposures of the same seam in a transverse section pass- 
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ing through the principal working near the northern end of the 
trough. There are four of these exposures, two on the opposite 
sides of the hill before mentioned and two on the Third hill. 

The massive and ponderous sandstone forming the upper part of 
Third hill, though thrown into very steep dips, has in general es- 
caped the inversion which affects the more flexible underlying rocks 
of IX. 

The coal measures are well exposed near the northern extremity 
of the basin along the banks of Meadow branch, which for about 
three quarters of a mile flows in the synclinal axis, and eventually 
makes its escape through the wide opening at the northern extrem- 
ity of the basin, occasioned by the removal of the heavy sandstone 
and conglomerate by which originally the trough was there closed 
up. These slates and slaty sandstones, which are generally of a 
hard and compact texture and siliceous composition, and of bluish, 
greenish and grey tints, show themselves in bold cliffs on the side of 
the stream dipping to the south in the middle, and towards the east 
and west sides of the basin passing into S. W. and S. E. dips, so as to 
mark the curving around of the extremity of thetrough. A littlehigher 
up the stream we meet with the black carbonaceous shales and black 
siliceous sandstones containing the coal. Numerous thin layers of 
coal are interstratified with the shales, and the seam which has been 
opened at this point is in places subdivided by an interpolated band 
of the black siliceous sandstone. As indicated already, the other 
outcrops of coal, both to the east and west of this, are to be regarded 
as belonging to the same seam as that here exposed, and there can 
be no doubt that it is this which is again exposed at the upper or 
southern opening before alluded to. This seam presents at all the 
exposures a very variable thickness, but may be estimated as pos- 
sessing an average width of about two feet of pure coal. This, as 
might be inferred from the indications of violence so plainly exhib- 
ited in the structure of the surrounding region, especially that of 
the Third hill, has been reduced to a fragmentary state, display- 
ing on the surfaces of spontaneous fracture marks of the pressure 
and attrition to which it would seem to have been subjected. The 
roof and floor of the seam present similar polished surfaces, and in 
some places have been pressed almost into contact. In such a crushed 
condition, the coal, though really as pure as anthracite in general, 
could scarcely prove of much value in the market, being unfit for the 
grate and most other purposes to which this class of coals is com- 
monly applied. Unfortunately, too, there is no ground for antici- 
pating any improvement, as the workings extend deeper into the 
seam. Were the broken state of the material merely the effect of 
weathering at the surface, such a hope might be entertained, but 
feeling assured that it is the result of mechanical violence accom- 
panying the disturbance of the strata at the time when they were 
thrown into their present positions, I entertain no doubt that this 
splintery character will be found pervading the seam more or less 
in every part. 

The inversion of formation IX., already spoken of, continues af- 
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ter the closing of the basin, and is traceable across the Potomac into 
Maryland. . 
Coat or Narrow Baox. 


Immediately in the rear of the Little North mountain, in the 
counties of Shenandoah, Rockingham and Augusta, there occurs a 
line of fault along which the inverted rocks of this mountain are 
found resting upon one of the formations higher in the series. 
While at some places, as at the Augusta springs and Brock’s gap, 
this fault is merely a crush in formation VIL. in others it is accom- 
panied by the disappearance of several members of the series, thus 
causing IV. or even III. to fall upon IX. or X. 

The latter condition is that prevailing along the eastern flank of 
the Narrow back. This ridge, composed of the siliceous conglom- 
erates and sandstones of X. dipping to the southeast, is bordered 
along its eastern base by the slate of formation IIL. so that the fault 
here having, along with the other intervening formations, removed 
the massive strata of IV., the chief frame work of the Little North 
mountain in this district of the state, this mountain is intermitted 
for a short distance in the neighbourhood of which I am now treat- 
ing. Towards the north, this rock again appearing east of the line 
of fault, the mountain is reproduced, showing itself at Cooper’s 
mountain near the Rawley springs, and in the same manner towards 
the south, the hiatus of rocks at the fault diminishing, IV. is 
bronght up, and eventually, at the Augusta springs gap, exhibits 
all the formations from ILI. to VIII. inclusively, but in an inverted 
position. 

Near the western base of Narrow back, on the margin of Briery 
branch, there occurs a low ridge, consisting of grey siliceous sand- 
stones, and dark blueish and greenish slates, appertaining to forma- 
tion X. It is in these rocks that the thin coal seam of this locality 
has been discovered, whose contents, as chemically examined, were 
noticed in a previous report. This seam is apparently about three 
feet in width, but for much of this distance consists of a black glazed 
shale, readily mistaken for coal. As might be expected, from their 
contiguity to the fault above described, the coal and accompanying 
rocks are greatly contorted, the former being in a crushed and 
splintery condition, the latter displaying over extensive surfaces the 
polish due to a violent rubbing of adjoining strata, 


CoaL oF CATAWBA OREEK. 


The line of fault, formerly described as commencing at Craw- 
ford’s mountain, presents a very slight dislocation at the gap by 
which the Fincastle and Sweet springs turnpike leaves the yalley. 
Here III. and IY. are seen inverted in the low ridge adjoining the 
valley, the latter being at some points greatly crushed. Immedi- 
ately behind we meet with VIII., which losing its inversion, forms 
the eastern side of the synclinal ridge called Caldwell’s mountain, 
which is here capped with trough-shaped strata of IX. Continu- 
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ing on to the neighbourhood of the Catawba furnace, the disloca- 
tion shews itself on the flank of the mountain, bringing III. and IV. 
with inverted dips immediately on X. The coal seatu opened in the 
latter forination displays the same irregularity of thickness, and the 
same splintered condition of its contents as the preceding. It yields 
about 24 feet of coal, good in composition but not in merchantable 
form. At other openings in the vicinity, which it is understood are 
in contemplation or in progress, the same condition may be confi- 
dently anticipated. Yet from the general goodness of the coal, it is 
hoped that a useful purpose will be answered by it in some of the 
operations of the adjoining furnaces. Its calorific power and chemi- 
cal composition, as detailed in a former report, indicate its value as 
regards the material of which it is formed, and only the crushed 
condition pervading the seam here as elsewhere, and from which no 
extent of excavation is likely to find it exempt, prevents its being of 
importance as a merchantable article. 


Coat or Brusuy Mountain, Strovusie’s Run, &o. 


The structure just described as prevailing along the eastern slope 
of Caldweil’s mountain in the vicinity of the Catawba furnace, is 
continued with slight modifications in the same direction to the ex- 
tremity of the Brushy mountain in Washington county. At Tom’s 
creek and other points where the coal seam has to some extent been 
explored, the rocks of X. forming the eastern slope of Brushy 
mountain, and occupying the low glades or hollows along its base 
are seen dipping at a very gentle inclination towards the south and 
east, generally overlaid by the valley slate, or formation III. The 
straightness and uniformity of the fault in this region, and perhaps 
the absence of the ponderous overtilted masses of IV. may explain 
the fact that although much splintered and glazed by attrition, as 
in the case of the localities previously described, the seam as here 
developed is capable of furnishing some fragments of good size, 
and being at several points where it is exposed little intermixed 
with slate, bids fair hereafter to become of local importance for do- 
mestic and manufacturing uses. 

The rocks and coal seams of Strouble’s run in Price’s mountain, 
being but an outlying repetition of the same strata in similar cir- 
cumstances as to structure and composition as those just described, 
require no more particular mention in this place. 

Besides the real exposures of coal above noticed, all referrible to 
a single seam appertaining to formation X., and reaching with some 
interruptions entirely across the state, numerous imaginary locali- 
ties of this material are met with in the valley and along its west- 
ern margin. These occur in no one formation exclusively, but any 
where that a black shining slate may be exposed—and as bands of 
this description are frequent in VIII. and occasionally show them- 
selves in the slates of 1X. and even of III. and I.—the fancied coal 
seamis are very extensively diffused. 

The details above given will, it is hoped, enable the enterprising 
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enquirer to understand in what position and geological circumstances 
the coal of X. occurs, and while guiding him to its discovery at 
points not yet actually explored, will repress unfounded expecta- 
tions regarding its probable improvement in extent and solidity, at 
new points, or in the course of carrying forward the present explo-— 
rations at the mines. It may be useful in this connection to repeat 
what has already been stated more than once in my reports, that no 
true coal seam exists anywhere in the formations lower in the series 
than X.—and hence, from the sketch of the structure of the valley, 
and various synclinal groups of mountains rising above its surface, 
except in the outlying X. of Price’s mountain no such seam is to be 
Sound any where within that area. Of the economical importance of 
this determination a due sense will be entertained from considering 
the numerous fruitless expenditures of money and time it will pre- 
vent; expenditures most usually incurred by those by whom they 
can be but illy spared, but whose sanguine credulity in regard to 
matters of mineral wealth, surviving repeated disappointments, can 
only be arrested by the positive determinations founded upon sys- 
tematic observation. 


COMPOSITION OF THE MAGNESIAN AND Hypravuiic LImEsTONES OF 
THE APPALACHIAN REGION. 


It has already been stated that during the last two years, the 
numerous chemical examinations of the limestones of this region, 
and more particularly of formation II. have led to the two interest- 
ing discoveries: 

First, that these limestones contain numerous and extensive bands 
in which magnesia is an abundant ingredient, and 

Second, that these magnesian limestones yield a lime capable or 
hardening under water, in other words, a hydraulic cement. 

The importance of these determinations in an economical point 
of view, will, it is thought, be apparent without remark, from the 
various public as well as domestic uses of which hydraulic limes are 
susceptible, and to which they are applied. As a fact in science, 
the second of the two results, above announced, has the merit of 
establishing what has hitherto been doubted, and often confidently 
denied, the influence of magnesia in imparting the hydraulic char- 
acter. This influence has of late years usually been ascribed to the 
siliceous matter of the limestone—although very recently Vicat has 
been led to regard the magnesia as concerned in the effect. As in 
all the limestones demonstratéd in my experiments to have marked 
hydraulic properties, the proportion of magnesia and lime is pretty 
uniform, we may hereafter be enabled, from an easy chemical ex- 
periment, to infer, at least probably, the hydraulic character of any 
limestone, and be much more safely guided by the discovery of mag- 
nesia in the rock than by its general external characters, to the 
further trials by which practical certainty is to be secured. 

In the following list of magnesian limestones, are included a 
few of which the hydraulic character is matter of inference for 
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the present, but to be tested at an early day. The others, properly 
prepared, have all been under examination for the last two months, 
and have evinced striking though not equal induration, by contin- 
ued contact with water during that period. 

The composition of two specimens of cement rock from cele- 
brated localities in New York, and of one from Louisville, Kentucky, 
are added by way of showing their analogy in composition with the 
magnesian limestones of which I am now treating. 

It may be proper to remark that the two specimens from Lou- 
doun county, though not within the boundary of the Appalachian 
region as formerly defined, are nevertheless believed to belong to 
formation If., which near the northern extremity of the Blue Ridge 
in our state, spreads to a short distance beyond it towards the east. 
But of the true character of this limestone, further observations are 
requisite before expressing a confident opinion. 

1. Limestone from Reynolds’s quarry near Shepherdstown on 
the Potomac, said to make the best cement. Colour lead-grey with 
a dull earth lustre, fine grained and compact. 


Composition of 380 Grains. 





rr 15.94 gr ains. 
Preemie te OL MASH ORA, 4... oe ee 6.49 
RIUIRORITICH BAIN oe... ee ee es Cole ws 
Alumina, tinged with oxide ofiron,...... UO ake 
SMEMOMME Car cs, cl nes en's Sane Os brea, 
SE ile on ec whe wee be Gales 
3000/t nf," 


2. Limestone from the same locality as the above. Colour 
darker than the preceding, lustre the same, grain not so fine, com- 
pact. Makes excellent cement, according to my experiments. 


RO IG ee. oe ee cee nace ys 16.76 gr ains. 

Oarbonate of magnesia,....... 00.00... .05. 11.76 

Sy FET esses shad cseawarsciae O.ciw 

Alumina tinged with oxide of iron, ....... 0.2557" 

artis ih cis bal wits bois o vie O18). mS 

SS a eee Pea ee Dae hee 1p. ee 
30.00 * 


3. Limestone from Evitt’s run, 34 miles from Charlestown, Jef- 
ferson county, on the road to the Shannondale springs. Colour 
lead and bluish grey in streaks, dull and earthy aspect, fine texture, 
compact, irregular fracture. Hardens well by my experiments. 


BERMOLG OF LING) Fo. s . 5 5 «2 miesernscae ome nie 8.48 er ains. 
ESEEPONALG OL MAOTICSIO,. .. 2.6.6.0 c cv escane 6.56 

Rr es he « vc agenet Amxieitter Sica Teo,» * 
Alumina and oxide of iron,............... 120 
ON NE a ci eon wwe adios diya x ap +s 0.40 ‘ 
ES rcs cae ca ern cn cee cine oe on G15: es 
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4. Limestone half way between Woodstock and Crabill’s tayv- 
ern. Oolour Jight grey, dull aspect, coarse grain, very hard and 
compact, rough fracture. Inferred to be hydraulic—to be tried 
hereaiter. 





Oarbonate ‘of lime, - AMA Seay os pee 14.00 grains. 
Carbonate of magnesia,. <2. f..0. 2.5 te 10.10 
SCE ee eS ee eee 4:85 * 

. Alumina and oxide of-iron, ../..7.7..75 29% OBA as 
WHUGT oe eel eee sos hte Sees Ou Fam* 
TOSS ee ce fe et tine en OSG 

30.00 “ 


5. Limestone from near Woodstock. Colour light bluish and 
brownish grey, lustre dull earthy, rather close grained, compact. 
Moderately hydraulic according to my experiments. 





Carbonate of lime, ? 0.0 TORRE eee eae 15.83 grains. 

Carbonate of magnesia, |.) 1) SUSE as ae 11.34 

Siliea, 720.2 Mh... 3. oss oe Lares 

Alumina and oxide of iron,................ OF456'S 

Water,’ oo 6 fee ore ew vl Ota * 

LOBS) 5. oie oe o's cer oles le e's oes (one 0.54 ‘ 
30.00 “* 


6. Limestone from east base of Trap Dyke, Rockingham county. 
Colour light grey, the exposed surface approaching lead grey and 
of a dull earthy aspect, compact, fracture scaly. Moderately hy- 
draulic by my experiments. 


Carbonate of lime) 0.20)... 15.52 grains. 

Carbonate of magnesia,................0.. 12.83 

Siltaa ss wai sis ec aees Jeet os Se HOBBS 

Alumina and oxide of iron,.............0.4 0.20.3 

Water... siciveeee 0 oe Oe 0Aaia“ 

Loss, Psy i ek i. SPOT Me O.TOLA 
30.00 


7. Limestone from Chimney rocks also called the Cyclopean 
towers, 15 miles west of Staunton. Colour pale bluish grey, dull on 
the exterior, texture compact and rather slaty, fracture scaly. 
Highly hydraulic by my experiments. 


Oarbonate of. lime,<. 2.2... 0.75 3. ek ae 15.13 grains. 
Garbonate of magnesia,:.-.:........ [7 See 11.87 
PDR ra ts..5 7% 46.55". 6 Se ke ADDL" 
Alumina and oxide of iron,................ BGI 4 
Waten, aoicenten 72. am sec Oa +e,“ 
LOSS vex LN eG 3 oe sh Uo lle 
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8. Limestone from hill near Staunton. Colour lead grey, in- 
clining to blue, exposed surface dull, and lighter tint than the in- 
terior, fine grained, and compact, sharp irregular fracture. Hy- 
draulic by my experiments. 


SUT a 17.44 grains. 
ermemmee OF MACHCSIA, oo. 10.03 
NE Ys os ee ee Partner 3 
Alumina and oxide ofiron,.......:........ 026.5%." 
or os Senn O, 18a. 
IE AS EST GE U5 Fane 
30.00 


9. Limestone from 4 miles west of Staunton on road to iron 
works. Colour bluish grey, texture fine, compact fracture, sharp 
and smooth. Highly hydraulic by my experiments. 


cc rrr 14.64 grains. 
Carbonate of magnesia,................... 11.24 
a y Mote i va 
eerie ad Oxide Of 1TOn,..>............. OAT 
eee de ae a Ontpees 
ad Si A Cota 
SU0GL FT * 


10. Limestone from near Glasgow, east of Lexington, Rockbridge 
county. Colour reddish grey, texture close fine, aspect dull vitreous, 
fracture conchoidal. Inferred to be hydraulic. 


Carbonate of lime,............ +6 HOSHL IDS 17.36 grains. 
Carbonate of magnesia, .............. AD, EQS F 
ENT s knobs cudeved cose eccd ede ts DAA BH we 
Alumina and oxide of iron,................ 185.7 
A ee ea ae 0.08 *% 
CE ree reer ee ree 0.3 sf 
30.00 ‘° 


11. Limestone from North river above the mouth of Buffalo 
creek, Rockbridge county. Colour light grey, texture approaching 
fine, fracture sealy and rather rough, burnt for cement at quarry. 
Highly hydraulic by my experiments. 


MEE OPENS anno a os agate maiens dese se 10.77 grains. 

Oarbonate of magnesia,...............-..- 7.58 

oe Ore ec et crue 24 tee Pent Bare 

Alumina and oxide of iron,................ S.05F “ 

RE ne he nc ge any yd Wintec. we 0.82. > * 

MIELE LI ssh arn we Po neie Hard oig wate 1G: at 
30.00 


12. Limestone from a band near the preceding. Colour dark 
blue, texture rather fine, fracture smooth with sharp edges. Slightly 
hydraulic by my experiments, 


Carbonate of lime iii 0%. seed. 1. a 20.81 grains. 

Carbonate of magnesia,...7. 23.00... 008005 4. 2 

OHichee) tli gat. UA ee es. ae 3.8 *. 

Alumina and oxide of iron, ..... jase 0.66 ‘ 

MENS) AORN UR 0.15 .+** 

ib [Deg iE eye A LSS AICS 0.39 -* 
30.00 


Out of numerous specimens from this neighbourhood, none were 
found without a marked proportion of magnesia. 


13. Limestone from Natural bridge and banks of Cedar creek. 
Colour blackish blue, texture compact, weathered surface earthy, 
fracture rough and scaly. Highly hydraulic by my experiments. 





Oarbonate:of limes... +2. 2b allo 15.97 grains. 

Oarhonate of magnesia, ....\ cee 12.30 

GY ah cece bbs 5k + 0 see aide ESE tied 

Alumina and oxide of ITOU, “ts 5 he eee ee U.245,015°° 

Watery. a ee ee oe neo eee en Vo ES ae 

Logg... OY UR eee 
30.00 ‘“ 


14. Limestone from two miles beyond Christiansburg, towards 
Blacksburg, Montgomery county. Colour light greyish blue, texture 
rather coarse, tendency to lamination, fracture irregular. Inferred 
to be hydraulic—to be tried. 


Carbonate of lime, .... .,...,....+...+..,..+;0.48tk oe 16.75 grains, 

Oarbonate of magnesia, ........2issaRi ee 10.60 

Silo aero fae cole 1,95" 

Alumina and oxide of iron, ss. i0..Js0.0 5% 0.25 ‘* 

WON). 's-e.or 2's 1. ¢ vinine.incajs +jasaosndalea Ozhda 7 * 

LF i eT A Rs 0.34 “ 
3008 -* 


15. Limestone from near lead mines, Wythe county. Colour 
light yellowish grey, aspect dull earthy, rather compact, fracture un- 
even. Inferred to be hydraulic—to be tried. 


Oarbonate of lime,.:....... <.. tas sone 16.29 grains. 
Carbonate of magnesia, :.) 22.2. Clee 13.29 
PH. Std Pee ena eee reve ht Be as 
Alumina and oxide of-iron;:::6.233.3s3628; 0.25 * 
Waterers ars? Srdymered oo: oO YA 1) Seat 
MORAY obec cae les Mees ES yulehe 0.06 . 
S000. HL 


16. Limestone from Chapman’s ferry, New river, Giles county. 
Colour light grey, texture granular, fracture rough, with minute 
shining specks. Highly hydraulic by my PxPSM ERE 


Capmne Or etme Oe OL. 13.28 gr ains. 
Oarbonate of magnesia,../................ 10.78 
EE oes PERLE, SPO att 
Alumina and oxide of iron, ....... ....... 0:60.) “ 
he ee 0.10  « 
Et iclsls oieses yp er ep vt ee Odie “ 
30.00 


17. Limestone from New river, a little below Chapman’s ferry. 
Colour dark grey, lustre generally dull, with minute shining specks, 
texture granular and friable. Highly hydraulic by my experiments. 


a ed i TE academe 16.08 gr ains, 
Sno Or MucnesiA,...........-.-- 2-6 13.10 
poe Verge erases eta ieee eneeders Peae irae To eee 
Alumina and oxide of i WON,... 2-6-0 +++. eee 0.14 * 
I a es ie es i ace 
tre eee eee ee we Oo aa 
30.00“ 


18. Limestone from Pack’s mill, New river. Colour reddish 
brown, texture slightly granular, with minute shining scales, frac- 
ture rough. Quite hydraulic by my experiments. 


Romrmanate Of Time, i ..4... 5. ee 14.71 grains. 

Carbonate of magnesia,............: 0.008. TAT 

hae 50 Se 5 PTO 

migmyna and oxide of iron, ............... Ley datas 

MURR ttriis © Bi hitsic Hard by + oow. cae C2974 

IRR Marie a ai Lh iis evs hc5 like! svsrece ted Thies 3 O72. Hi 
30.00 


19. Limestone from same locality. Colour light grey, approach- 
ing yellow, texture somewhat granular, fracture uneven. Moder- 
ately hydraulic. 


Renate OF LIMO, o.oo PES, 14.90 gr ains. 
Carbonate of magnesia, .............0.-0%s 7.70 
EE re an. ee ra AGED «5 
Alomina and oxide of iron,................ OO aac” 
abaya rs ops figs bre: 4:8 wpe fet «14 4 34,4 ac0l4[ die todo Ws 0.20 siets 
bats bx capnius'> isl d Steyecsrsiers tae bib sews 0,0 hattiit 
30,00 * 


20. Limestone from Col. Taylor’s, Loudoun county. Colour light 
grey, tinged with blue, texture compact, approaching cherty, fract- 
ure in one direction smooth, in the other irregular, exposing talcose 
films. Quite hydraulic. 


MMEDOGALG Of LING, . nce pa vecen es oe a ied WAU ay ains. 
@arvonate of Magnesia,...........-..---- Baie 25 
a he RO ES TES AE i Ai nade = deh i aod Golan a 
munnna and Oxide of iron,’.’...°,.'. =...» » s+ Uh wel 
STATE ee Sai eats cay! “th baer i a ip ti, 


D0. 00ase es 
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21. Limestone from Mr. M’Ilhaney’s, Loudoun county. Colour 
light grey, tinged with green, lustre dull waxen, fracture sharp, ir- 
regular. Quite hydraulic. 





Oarbonate.of lime, ... 657.005 2a ae 13.42 grains. 
Oarbonate-of magnesia,..:csssc0000s55 seme 70 ff * 
PMNGAD ss cee tees y oye Nee ee ba )4 
Alnmina and oxide of tron,...-...s2s3 a5 ase 0.80° 9f 
Water and losg,..: . sist > mn = $e ue ae 0.46. * 
30.00  ** 


Of the above specimens all but the two last are certainly from 
formation II., and there is strong reason to believe that they are 
from the same. 

I now proceed to give the composition of two magnesian lime- 
stones from formation VI. 

22. Limestone from near the eastern side of Conoloway Hill, on 
the Potomac, Hampshire county. Colour bluish, lustre dull, texture 
compact, inclining to fine, fracture scaly and rather rough. Quite 
hydraulic. 


Carbonate of lime’). . .../1o. ae oe 12.65 grains. 
Carbonate of magnesia,..........50........ (ines 
Silica, .... CP US er il-7 Ques 
Alumina and oxide of iron,...........1.... 1,662") * 
Water, oli cece ences ccs te ee ae 0.30. 
T0868, Fo) a i ee OSTS* 
30.00 ‘¢ 


23. Limestone from gap of Crawford’s mountain, Botetourt 
county. Colour dark brownish grey, with stripes, texture compact 
slaty. Very highly hydraulic. 


Carbonate of: limes. 2... 200) Oe ee 13.438 grains. 
Carbonate of-magnesia, ........05..07 0001 8.17 
oil ee eee a ead 
Alumina and oxide of iron, .......... 55.4 bEOD * 
Li ee OA Be" ‘ 
THOR Bhs. spo shiva pr vs bt ae pee On ir ** 
30.00 


With the view of illustrating the similarity of composition of the 
preceding rocks with that of some of the cement rocks of established 
character abroad, the following specimens were submitted to analy- 
sis and trial: 

24, Limestone from formation II., New York, extensively burnt 
for cement. Colour yellowish grey, texture rather granular and 
friable, fracture rough. Sets well by my experiments, but not bet- 
ter than many of the Virginia rocks. 


Carbonate of lime,........:.. «¢as4nnee 14.46 grains. 
Oarbonate of magnesia,.........:..2.0ene 10.73 

Billeder cee. bt. Ae ae Sao) 
Alumina and ‘oxide of iron,....°..... sane O.86yy; 
‘Watersandslose, 2.40 sr pase. 3) le 0.82 
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25. Limestone from formation VIII., New York, adjoining the 
gypseous shales. Colour lead grey, texture earthy and rather soft, 
fracture slaty. Sets well by my experiments. 


SUMUMMIE SEEKECS oe ew ew ee ee 13.72 grains. 
Carbonate of magnesia,.............3..... Tea eae 
EGU ages cn es as tee yee Rawes 
mame te AIUG Of 1rOn,.;-.. 2... kee vote mole 
in ee ll A Na ote 5b oP ln 
30.00 


26. Limestone from Louisville, Kentucky. Colour dull bluish 
grey, slightly tinged with yellow, rather soft, fracture irregular. 
Said to make good cement. 


Marboumte or NMG osu. 16.51 grains. 
Carbonate of magnesia, .................. E2ts wis 
Ue AUR ashore 2A Ps eee are 4.54 % 
Alumina and oxide of iron,................ OF 9d nin ss 
REMC URES IO tL es PO LR LE. OBUxii 
Se Patra, es. 0.54 ‘8 
30.00 * 


Toe Iron OreES OF THE VALLEY AND ITS MouUNTAINS. 


In describing the geological structure of the Great Valley of our 
state, and of the mountains rising within it or forming its western 
border, some account was given of the localities and extent of the | 
various beds of iron ore associated with its several formations. I © 
proceed now to add a few chemical details in regard to the composi- 
tion of these ores, confining myself to those varieties which are of 
most importance, as well from the extent in which they are found 
as from their intrinsic excellence. Numerous other analyses of the 
ores in this region have been completed, and many yet remain to be 
executed, of which it is designed at a future day to make a detailed 
report. Similar examinations have also been made of a large num- 
ber of ores associated with the strata of the mountainous region 
lying to the northwest, of which many are from the same forma- 
tions as occur in the valley. Of these general mention was made in 
the report of last year, in treating of the eleven successive forma- 
tions composing the Appalachian series. The minute investigation 
of the geological position, as well as the extent of the ores in ques- 
tion, zealously prosecuted during the last year, has brought to light 
the important fact that throughout a large portion of the middle dis- 
trict of the Appalachian zone, as well as in various parts of its two 
other subdivisions, the most abundant, continuous and valuable de- 
posits of this material, are to be found in formation VII. the coarse 
sandstone near its upper boundary being frequently replaced by tle 
ore for a great thickness, and over a wide extent. 

In announcing the discovery of the geological connection here 
mentioned, as one of economical interest, it is proper to repeat the 
remark often made on previous occasions in my reports, that such 
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a general fact claims a high consideration for utility from the extent 
of area over which it becomes applicable as the guide to individual 
exploration through all future time. ‘To discover every accessible 
deposit of ore within the wide expanse of our Appalachian zone, 
would obviously be impracticable with any scheme of geological 
investigation, however ample and complete. Ages must elapse 
before all the available localities of this widely disseminated mate- 
rial shall have been explored, yet, by determining now the law con- 
necting it in position with rocks conspicuously exposed and readily 
identified from the minute description of them already given, a safe 
guide is placed in the hands of the enquirer, with which and the 
geological details of structure, revealing the order and position of 
the formations in each ridge and valley, he can hardly fail in reach- 
ing a satisfactory result. On this account it was that much, and 
perhaps a seemingly undue importance was attached in my last 
year’s report to the discovery of the fossiliferous and calcareous iron 
ore associated with formation V. Yet, of the practical value of this 
generalization, I may cite as proof that during the last season it has 
led to the observation in numerous places in the mountains of the 
southwestern counties, of the very same ore in the same geological 
position, when, but for the direction thus given to our enquiries, 
many of these localities would necessarily have been overlooked. 


In the chemical details about to be presented, I shall follow the 
order of the formations, commencing with 


THe Ores oF Formation I. 


1. Tron ore from Fox’s mountain 4 miles from Forrer’s furnace, 
Page (Rockingham, Ed.) county. Colour dark brick-red or brown, 
fracture slaty conchoidal, texture uniform, rather fine, earthy, lustre 
dull, ochreous. Used at Mr. Forrer’s furnace. 


Composition of 30 grains. 


POrOxiGe/ OL ILON,., «ss sms + > ore 8 ie 20.60 grains. 

ORE ea so de 2's eos sales Ye @ enn 5.70. 4 

PAUUITINTS a. aoa. nar: + 0,4 © nek gos-abs'e 9 Sat Ee 0.40 ‘ 

WAVED. ns noes opgn ects sx dpe may 6/0 Bs oem 

Lime (a trace). 

18) RRR PEE rept 0.30 * 
80.00 ‘¢ 


2. Iron ore from the same locality. Colour very deep brown, 
lustre shining, texture compact, fracture irregular, sometimes pre- 
senting a velvet appearance on the fresh surface. Very valuable in 
the furnace. 


Per-oxide'of iron,. 2...) 09. 4 OF. 00 A 23.93 grains. 
SIMOR Ee Te SR 0.692“ 
Alumina, .20A6 oo... ONT? 2 LIQ a *E 
Waterss Beret voi os... CP RR, 8.93 79“ 
Tepsa eR FEL Os PPS 0.38 


30.00 
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8. Iron ore from mine worked for the use of Cotopaxi or. 
M’Cormick’s furnace, Rockbridge.’ Nodular ore. Colour on the 
exterior light ochreous, in the interior dark chocolate brown, text- 
ure rather cellular. 


EME TOL. oo eM De ul Le 23.57 grains. 
a ee oa Er: 
Il es cs ee et eee ee U.28 7.55 
Eells sn se ee 4.24 “8 
le ep TN i I Ole 


0.00 ‘$ 
4. Iron ore from M’Cormick’s old bank. Colour dark Spanish 
brown, texture close grained, structure cavernous, fracture splintery. 
Not now in use. 


Ree we! GtoMON st hal: wie tes ole nee e 24.58 grains. 

rere ee reas, Ss c..... sinda tive ..he AZO acy88 

Alumina (a mere trace). 

5 ag ll aaa 3.47 « 

eee cy... as ‘soe a's og 0s ns te) geht 
30.00.y7 * 


5. Iron ore from Kelly’s bank used at Vesuvius furnace. Colour 
rich reddish brown and chestnut, texture compact, though occasion- 
ally porous. Surface sometimes mammillary or covered with pro- 
jecting bosses and lustrous. 


Peere@neet POM tsi! Socio . wcleswa oles 24.27 grains. 

Eo ks kt esc e aca ceeee 3.00. *¢ 

Alumina (a faint trace). 

Ie oivic > ina os Ss ow ee eee 2.43 ‘¢ 

oes oie aso a's os se's sees D305 a * 
380.00 * 


6. Iron ore from Back creek near Buchanan, James 8S. Wood’s 
lower bank. Colour dark chestnut, texture fine grained, structure 
cellular, fracture rough. 





manor Aron, ses i. Jal) beoiluag 24.16 grains. 
eras). 2 tid. . re die oad. DVO * 
REM geo STO) H2LIOIe DOTe Ty Bsr O:2608 Sf 
eS Re aE $56 0 
a cl hie < haa can si* 0.2.15‘ 
30.00 * 


7. Iron ore from Back creek, Wood’s upper bank. Colour of 
exterior dull black, interior dark snuff colour, texture fine grained 
and porous, sometimes mammillary and lustrous, occasionally crys- 
tallized. 


ON SOE, SPOT ig co us vn mos oer cam shee ee 25.00 grains, 
Se sa); ek PS TAT. i ariel a, 0.881 * 
Alumina (scarcely a trace). 

TIL TAIL YOON, COL 2Uettre ye. : 8:89 oni} 
RE AT AO, CROPS DIRED.. ORT UiatTIn. COUTTS 0:80 nik 
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Ores oF Formation II. 


8. Iron ore from Blackford’s bank, Page county, used at the 
Isabella furnace. Colour light ochreous brown, texture earthy, 
friable, light, mixed with slaty clay. 


Per-bxide Of iron; . |. see ee 22.19 grains. 

Billige; Oo eee Oe ee 3.61 

Alumina (a trace) 

Water oe te ee a 

TiOHS 2 Os Oi oho O20" ** 
BU OO var 


9. Iron ore, one mile west of Lexington, Rockbridge county. 
Colour ochreous on the exterior, dark lilac brown within, texture 
very close grained, cellular. 


Per-oxide of iron, 3. #s:...... «2000 = eee ae 25.62 grains. 

Biligay, .5 2c 20k id NE 0.78 

Alumina (faint trace) 

Water, %.. 0% sia. 2.23 020 9 3.46 ‘¢ 

Loss, 30). Yo2te?.. 45 Se eee 0.14. *& 
30.00 ‘* 


10. Iron ore, Limestone Hill, near north end of Short Hill, and 
contiguous to Buffalo creek. Colour light brownish yellow, texture 
earthy, porous. 





Per-oxide of iron,..........000ss ee 22.58 grains. 

Silichys ooo Sant eee ewes eee rf 

Alomina,. 2.6054 cir eee i wate 

W aberyg, ob a scons eae oe regis 87 bit 

LO88 Arc Soresiallon te cece ogee ee 71 aes 0.25 “ 
50.007=ec 


11. Tron ore near Read (Reed, Ed.) creek Wythe county—Gra- 
ham’s furnace—Honey-comb ore. Colour light brown, inclining to 
- orange, texture fine grained, structure cavernous. 


Per-oxide-of iron, «6525. 645050 se 24.61 grains. 
lit RRA MAR ARAMA 1.16 
PUIG. 5 oo 56% cue boron = 4 es 2 0.52 < 
Water. food. vee a:-ateorcite loot ae 3.40 * 
LOSS) 4 s1s fone to: ofa lcsdeam’ Yoapchia «chteiely. ocean O81) 
30.00 ‘ 


Ores oF Formation III. 


12. Iron ore, Blackford’s mine, west side of Big Fort valley, 
Massanutten mountain. Colour dark brown, texture compact, 
structure largely cavernous, the hollows frequently filled with white 
siliceous clay, surface sometimes mammillary, often iridescent or 
having a rainbow colouring. 


Ae 22.30 grains. 
ae ee 3.15 
Se eee ek ee 080A“ 
ey ee oy pvp einience eee 8.65. 47 * 
or 0.10;.5 * 
530.00 ‘ 


13. Iron ore, Little Fort valley, Massanutten mountains. Col- 
our dark brown, texture fine grained, generally quite compact, but 
sometimes cellular. 


sae lr 20.70 gr ains. 
ES Ra are 5.42 
eer ee O19 * 
a 3.40 ‘¢ 
ee OTA 
OU.U0 my ** 


14. Iron ore, top of Purgatory mountain, near Retreat furnace. 
Colour dark brown, texture porous and cavernous, the cavities oc- 
casionally filled with siliceous clay. 


Beenie Of JEODSeoco ds). (es... he osetia ec. 21.20 gr ains. 
EE ee ae 5.20 
er EMD the, Pa age oe Video 
Ry Soak tact teers ecess Tote 
es oes ree we vem eth bret O44 7. * 
30.00 ‘* 


15. Iron ore, same locality. Colour dark chestnut, nearly black, 
texture fine grained, somewhat cavernous. 


reer OP roi, 8) PPI EL oe. ee Li. 24.06 grains. 
Perse? STS, FD. Olu. 2.48 
enna Bee HL OPO POLL POE] AN O50" 14° 
ES TS iy eA et a ee 2.74 ‘¢ 
ee Pre IPO A Tae A ya 0:2 Tint 
30.00. ‘ 


16. Iron ore, east side of Crawford’s mountain, near Catawba 
furnace. Colour dark chestnut brown, texture fine grained, cellu- 
lar, the interior of the cells being often coated with black velvet- 
like films. . 


ETI TOT aoa ha “Eee s a tba 4 2.2 24.10 grains. 
ey es oye eis a's i an sine ts Bete 
Ea Serres es so ke ns ON WD | eigys * 
| th ERS a a R668); * 
EE ae Ie 0.09 
80.00 . ‘ 


1%. Iron ore, same locality as preceding, more cellular variety. 
11 


Per*oxide of iron, 2.56233 .54020400eeeeee 24.35 grains. 
Lica. Fides «su hae ves wees. 1.47 
(Alaminga; . 6.65005 bt coe OD. c.** 
Watery id sok inn cs See) 13 S98 1 “ 
Lf) eer ere rere reine were ge 0.0801 ‘ 
30.00 * 


Ores oF ForMATION Y. 


18. Iron ore, west side of Knobly mountain, near Paddytown 
gap, Hampshire county. Colour brownish red, texture soft and 
argillaceous, structure slaty, apparently composed of minute scales 
containing flat fossil impressions. 


Peroxide of iron,..;. -. 2. see 20.50 gr ains. 
LIGA, «<0 0,9 8 2 00 ©. eee 4.40 
Alominé,....- ye es>> : oc eee 1.8756" 
Garbonate: of ‘lime,.. . .. .\.. Wee Uy eae: 
Water and Loss, ......... -o)aee een Beas he 
30.00 * 


19. Iron ore, south side of Powell’s ridge, near the Fish-hook. 
Colour glossy reddish brown, texture soft scaly, structure laminated, 
arising from the multitude of fossil impressions. 





Per-oxide of iron, :. .:.. 2.422 See 22.97 grains. 

Silica i. ks. ot Le 5.16 

Altima, so. 355 05.0205". tae oor. 

Carbonate of lime a trace. 

WOtARS 6.0. p52 eee eon es ee ps a0 ne 
30.00‘ 


Ores oF ForMATIon VII. 


These, as already stated, are the most abundant ores in the moun- 
tainous parts of the middle district, being exposed almost in every 
ridge of which this formation composes apart. In the Big and Little 
North mountains, Brown’s Hill, Tower (Tour, Ed.) Hill, Back Creek 
mountain, Brushy Hill, Biggs’s mountain, Allen’s mountain, Potts’s 
Creek mountain, Rich Patch mountain, Bratton’s mountain, Mill 
mountain &c. &c. these ores are almost invariably to be found re- 
placing the upper strata of VII., and often of enormous thickness. 
Of the numerous analyses already made of them, two only will be 
here subjoined, as examples of their composition generally. — 

20. Iron ore, Bath furnace, east side of Bratton’s mountain and 
south of Calf Pasture river. Colour chestnut brown, texture com- 
pact, structure crystalline and fibrous. 


Perroxide,of iron, .«. ... 6.606. +«.2 24.62 grains. 
RUA ge ais ns os ss oe 2 og ee 1.22 
Alumina (none). 

WEE cece eases sels nl oe tenn 3.83 
TOOSH ea site ce airs ss von os ee Oo OBST WIM 


80.00 * 
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21. Iron ore, Brushy Hill, Alleghany county, Jordan’s mine. 
Colour delicate purplish brown, texture very compact, structure 


cavernous and cellular, form tending to nodular. 


ISIE se ee we ee 
ey gc cee ees 
Alumina (trace). 


23.94 grains. 


2.22 


3.60 
0.24 


30.00 
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4c 
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THE GEOLOGICAL SURVEY 


OF 


THE STATE OF VIRGINIA 


FOR THE YEAR 1839. 


OFFICE OF THE Boarp or Pusriic Works, 
February 5th, 1840. 


Srr, I herewith transmit the annual report of the geologist of 
the state for the past year, which you will please lay before the 
house of delegates. 

This report relates to districts of the state not previously treated 
of, excepting incidentally in former reports, viz.: the marl region 
south of James river—a portion of the southern district east of the 
Blue Ridge, &c.—and part of the great western coal region. 

I am, very respectfully, 
Your obedient servant, 
Davip CAMPBELL, 
President of the Board of Publie Works. 


The honourable the Speaker of the House of Delegates. 


REPORT. 


In compliance with the law requiring the principal geologist 
annually to render an account of the progress of the geological sur- 
vey, I beg leave to make the following report: 


SECTION Tf. 


The field operations of the survey were entered upon as usual 
early in the spring, and were continued without interruption from 
that time until late in the antumn. The weather throughout the 
season was in general favourable to our researches—and in some 
portions of the state scarcely a day occurred sufficiently inclement 
to compel a suspension of active operations. 

The vacancy in the geological corps created by the resignation of 
Dr. W. E. A. Aikin, was filled as the board is aware by the appoint- 
ment of professor C. Briggs, a gentleman already favourably known 
«as one of the geologists recently engaged in the survey of the state 
of Ohio. This gentleman entered upon his duties as a member of 
our corps in the beginning of June. 

Keeping in view the importance of continuing the several 
assistants in the districts with whose geological features they were 
already in some measure acquainted, the various fields of research 
appointed for the season’s operations were allotted among them as 
follows: 

To Dr. G. W. Boyd was entrusted the continuation of the mi- 
nute researches in which he had been engaged during a part of the 
preceding year, in all that portion of the state embraced between 
the Blue Ridge and the head of tide which lies south of the range 
of Albemarle, Louisa and Goochland counties, comprehending in 
his duties the accurate tracing of the various narrow belts of lime- 
stone occurring in a portion of this region, as well as the determina- 
tion of the limits of the interesting formation of shales and sand- 
stones, prolonged in an irregular manner nearly through its whole 
extent, and linking his observations from point to point by numer- 
ous local and some extended sections, exhibiting the various rocks 
in the order in which they occur. 

Mr. ©. B. Hayden was employed during the early part of the 
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season in exploring that division of the Tertiary marl region lying 
south of James river—in which only partial researches bad hitherto 
been made—embracing portions of Norfolk, Isle of Wight, Nanse- 
mond, Surry and Greensville, together with the whole of South- 
ampton and Sussex counties. Having completed the allotted in- 
vestigation in this district, he was directed to continue the exami- 
nation of a portion of the Appalachian belt in Pendleton county, 
and thence to proceed to a systematic examination of that division 
of the western coal region lying between the front ridge of the 
Alleghany and the Laurel hill, embracing Preston county, together 
with portions of Hampshire, Hardy, Randolph and Harrison coun- 
ties. 

In continuation of the enquiries commenced towards the close 
of the preceding season, professor James B. Rogers, after completing 
some measurements of importance in the Mill mountain and neigh- 
bouring ridges towards the east, and carrying an accurate section 
through the lower extremity of the Falling spring valley, was chiefly 
occupied in the investigation of the upper members of the Appala- 
chian series of formations as developed on a scale of extraordinary 
magnitude along the eastern flanks of the Greenbrier, Sewell and 
Flat top mountains in Pocahontas, Greenbrier, Monroe, Fayette and 
Mercer counties, and in exploring the structure and contents of the 
widely expanded strata of coal bearing rocks incumbent on the for- 
mer, as presented in the Sewell and other ridges to the west, and 
along the valleys of the great Kanawha and some of the tributary 
streams. 

To Mr. I. Slade was allotted the task of reviewing that portion 
of the Appalachian belt, designated in former reports as the southern 
district, with the design of constructing a number of additional sec- 
tions, rendered important by the peculiar intricacy of its geology, 
and of tracing with greater minuteness than had yet been done, 
those numerous remarkable dislocations, whose frequent and sudden 
changes of character are intimately connected with the development 
ot materials of economical value, in their immediate neighbourhood, 
and are often essential to a knowledge of the structure as presented 
at points comparatively remote. 

To Mr. Briggs was assigned the exploration of that portion of 
the coal region constituting the northwest district of the state, di- 
recting his attention for the present chiefly to the division of the 
coal bearing rocks hereafter to be described as the upper coal series, 
tracing the various coal seams and their accompanying strata as they 
successively present themselves on the Ohio and at other places in 
this part of the state—thence following them around as they curve 
across the southwest angle of Pennsylvania into Monongalia and 
Harrison counties, and marking the interesting mutations they un- 
dergo in penetrating more towards the east and south. 

Of the diligence and ability with which the several members of 
the corps have prosecuted the numerous and often difficult investi- 
gations thus assigned them, it gives me pleasure to be enabled to 
speak in terms of unqualified commendation. 
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Since the close of our operations in the field, our attention has 
been devoted as usual to the arrangement of the various details col- 
lected during the season, and to the graphical and chemical depart- 
ments of the survey. These labours will furnish employment for 
myself and several of my assistants until the opening of the next 
season, and will be continued as customary by myself until the pe- 
riod arrives for taking the field. 

It gives me pleasure to state that in reviewing the labours of the 
past season, and comparing them with the amount of work yet re- 
quired for the completion of our researches, I am confirmed in the 
opinion, announced in my last year’s report, that with the present 
organization of the corps, an additional season for detailed investiga- 
tion, and a succeeding year devoted to a revision of some portions of 
the field, and to the tasks of preparing the sections and maps, as well 
as the final report for publication, will enable me to bring the ardu- 
ous labours of the survey to a satisfactory termination. 

It is unnecessary to assure the board that I am truly anxious to 
complete the responsible task I have undertaken by the earliest prac- 
ticable time consistent with the accuracy, and therefore the perma- 
nent importance, of all the economical and scientific results. That it 
has not been suffered to linger in my hands, must be abundantly evi- 
dent upon comparing the progress thus far made in our survey with 
that of similar enterprises in some of the neighbouring states. In- 
deed, bearing in mind the superior extent of our territory and its 
unequalled variety, and perhaps complication of geological features, 
such a comparison will hardly fail to inspire a gratifying surprise 
that with means so much less ample we have been enabled to carry 
forward our enterprise with the rapidity and accuracy with which 
it has thus far progressed. 

In expressing my solicitude for the early, but at the same time 
thorough completion of the work, I may be permitted to say, that 
besides the wish of rendering our results available to the public as 
_ promptly as possible, I am not uninfluenced by a desire to vindicate 
on grounds of utility the wise economy which first originated the 
survey, by presenting to my fellow-citizens what cannot be given 
in the annual reports, a detailed account of all its economical and 
scientific results, in a connected shape, and illustrated by an exten- 
sive cabinet of specimens, by numerous sections, and by a map of 
the state corrected in its topography, and geologically coloured. 
Nor will it be deemed unworthy the sympathies of the board or of 
the public to mention as an additional motive to expedition, the in- 
terest with which our labours in developing the diversified and 
often wonderful geological features of the state, are watched by the 
lovers of useful science in our own country and abroad—an interest, 
which kindly and cheeringly expressed, has not been without its 
effect in lightening the toil and sweetening the pleasure of investi- 
gation. Were it necessary to adduce further evidence of the anxious 
zeal with which I have unremittingly laboured to forward the opera- 
tions of the survey, I might refer to the heavy expenses from year 
to year personally incurred in its behalf, without which it would 
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have been scarcely possible to have brought our work to so advanced 
a stage as that to which it has now attained. 

In selecting the districts upon which to dwell more particularly 
in the present report, I have conceived it to be most proper as well 
as most agreeable to the board and to the public to make choice of 
certain important divisions of the state hitherto but slightly noticed 
in my reports, but in which our researches for some time in progress 
have at length been advanced nearly to their completion, and to 
occupy less time in the consideration of those of which general 
sketches accompanied with some prominent chemical and other lo- 
cal details have already been given to the public. 

Influenced by these views I propose omitting for the present 
further particulars relating to the Appalachian region, of which some 
of the leading features have been described in my two preceding 
reports, and presenting a sketch somewhat in detail of the following 
districts. 

1. That portion of the marl region situated between the James 

river and the Carolina line. 

2. So much of the southern portion of the state lying east of the 
Blue Ridge and west of the mar! region as has been explored 
in sufficient detail to enable me to report. 

8. The coal basins lying in the northern corner of the state be- 
tween the front ridge of the Alleghany and Laurel Hill. 

In addition to the systematic sketches designed to be given of 
these several regions, I propose to annex a brief outline of our ex- 
plorations in the valley of the Kanawha, and the lofty mountainous 
tract lying between the falls of that river and the western boundary 
of formation XI. in Greenbrier and the adjoining counties, as well 
as of some of our observations in the northwestern coal region, in- 
cluding the tongue of land lying along the Ohio river, and between 
the states of Ohio and Pennsylvania. 

It is scarcely necessary to say, that though thus silent for the 
present in regard to the Appalachian region, excepting so far as a 
portion of it may be incidentally mentioned in treating of the higher 
formations adjoining it on the west, our revisionary labours in that 
part of the field have been actively pursued, and with many inter- 
esting results. As regards our further operations of a like nature in 
this important division of the state, I would add that the minute 
measurements which have been begun, for determining the varying 
thickness of the several formations, an object not unimportant in its 
economical bearings, will be continued as far as our means allow, 
into other portionsof the region. Our numerous sections will at 
the same time be knit together and rendered more minutely accu- 
rate; the topography of the country will be more precisely deter- 
mined, by the accumulation of data derived from the measurement 
of the heights of our principal mountains at various points, towards 
which a good deal has already been done—and further disclosures 
will be made of the iron ores or other useful minerals described in 
preceding reports, as being associated with the several groups of 
strata forming the Appalachian zone. The familiar knowledge we 
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now possess of the structure of every portion of this region, facili- 
tates the progress of these measurements by guiding to suitable lines 
or points of examination. While connecting this accurate knowl- 
edge of the structure and arrangement of the rocks, with the pre- 
cise determination of their thicknesses and the heights of the ridges 
in our numerous sections, we are enabled to give that finish to the 
work already performed, which will make our final representations 
in a graphical shape creditable to the state and worthy the accurate 
spirit of modern geological research, as exemplified in the works of 
European geologists. 

In regard to the chemical investigations relating to the materials 
of this region, it is proper to say that a part of the labours of the 
laboratory will still be directed to the examination of the ores, lime- 
stones, or other interesting substances embraced in the Appalachian 
formations, and as will be seen in the sequel, a number of such re- 
sults will be included in the chemical division of the present report. 


SOT LON II. 
TERTIARY MARL REGION SOUTH OF THE JAMES RIVER. 


CHAPTER 1. 


Sketch of the Boundaries, Topography and General Geology of the 
Region. 

During the operations of a preceding season, a careful examina- 
tion was made of both sides of the James river, from its mouth as 
high up as the commencement of the primary rocks at Richmond, 
as well as of all its tributaries for some distance inland; and in my 
report for that year a brief account was given of the general results 
of those detailed enquiries, accompanied by a table of the composition 
of one hundred and sixty specimens of marl, of which sixty were 
from localities in the region south of the river. These enquiries 
having embraced the shores of the Elizabeth and Nansemond rivers, 
and Pagan creek, as well as of the Appomattox as high as Petersburg, 
our researches during the past season were directed to a minute 
exploration of the Blackwater, Nottoway and Meherrin rivers and 
all their branches, and an examination of localities remote from 
these streams, in which beds of marl were known or believed to 
exist. In prosecuting these labours, only a few interesting expo- 
sures have been left unvisited, chiefly in the inland parts of Prince 
George and Surry counties, and these will claim an early attention 
in the operations of the next season. Of the numerous specimens 
collected in the course of the season’s operations, nearly all have 
since been submitted to chemical examination, the results of which 
will be given at the conclusion of this division of my report. With- 
out entering into minute detail in regard to the numerous extensive 
exposures of the Tertiary marl occurring throughout this region, I 
propose at present to give a brief account of its boundaries, and of 
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the order of superposition in which its well marked subdivisions 
have been found to be arranged. 

The region bounded by the James river on the north, the Atlan- 
tic on the east, the state line on the south, and the irregular margin 
of the primary rocks on the west, may be regarded as consisting of 
two plateaus or wide benches of land, of which that lying towards 
the west preserves a general level much higher and less uniformly 
horizontal than the other. The latter extending from the sea shore 
to an inflected line lying a little east of the meridian of Suffolk, 
presents an unbroken plane, elevated from 8 to 12 feet above tide, 
rarely interrupted by ravines, and penetrated only by tidal creeks 
enclosed by shores which for the most part slope gently down to the 
level of the water. The absence of running streams incident to this 
feature in the topography of the country is supplied by the moving 
power of wind, which by its periodical fiow, especially in the vicin- 
ity of the James river and the Atlantic, gives motion to numerous 
wind mills here in use. The surface of this extensive flat, where 
not covered by swamps or morasses, consists of light coloured sands 
and clays, generally of a fine texture, and never enclosing pebbles 
of large dimensions. Beneath this the shell marl has been discoy- 
ered only at a few points, and those situated near the eastern mar- 
gin of the higher plateau. 

From Sewall’s Point to the bay shore, and along that shore, as 
well as the coast line of the Atlantic, a more irregular topography 
prevails, caused by the sandy knolls or dunes accumulated by the 
combined action of the winds and waves. 

These at some places, as for example at Willoughby’s Point, are 
more than thirty feet in height, containing scattered shells and 
fragments, such as are found in the contiguous waters, which have 
been conveyed from the beach by the same transporting agencies 
that have heaped up the mounds of enclosing sand. On some of 
these dunes a soil has been formed capable of nourishing large 
trees. 

As might be expected, evidences are frequently met with of 
changes having occurred in the outline of the beach, the roots of 
trees being seen in many places in shallow water at a distance of 
several hundred yards beyond the present line of tide, and at other 
points equally distant inland, under circumstances shewing that they 
once grew upon the margin of the beach. 

The higher plateau lying to the west of the extensive flat above 
described, extends from the line formerly indicated as a little east 
of the meridian of Suffolk, westwards to the commencement of the 
primary rocks, maintaining a general level of from thirty to fifty 
feet above tide, and slightly rising as it spreads towards the west. 
Its boundary in the latter direction presents a very irregular wind- 
ing line, along which the marl and the primary rocks are seen alter- 
nately encroaching each upon the general limits of the other. In- 
deed at some points insulated patches or ridges of the former are 
seen rising through the marl at a short distance from its western 
limits, while at others little nooks or basins of the marl occur 
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almost completely encircled by the primary rocks. In a word, the 
form of the curiously broken line which constitutes the boundary of 
the two is just such as might be expected from considering it as mark- 
ing the indented outline of a low rocky coast, washed by the tides 
of the primeval sea, beneath whose waters were slowly accumulated 
the successive deposits of shells and sand and clay, now forming the 
wide tract of land spreading eastward to the present margin of the 
ocean. 

Excepting in the tracts lying near the eastern and western bound- 
aries of this plateau, the surface strata are horizontal and com- 
posed of sands and clays of a fine texture, rarely intermixed with 
pebbles of considerable magnitude. Unless in the immediate vicin- 
. ity of the rivers, ravines are rarely met with, and even bordering on 
the streams the land gradually declines to the level of the water, 
or what is still more common, slopes gently down to the surface of 
a narrow flat through which the river finds its channel. Though as 
before remarked, the uniform level of this wide plain is in general 
maintained with but slight variations, there occur several low ridges 
and insulated hills, having a northeasterly and southwesterly direc- 
tion, but never attaining an elevation to render them conspicuous 
in the topography of the country. Of these there are two particu- 
larly interesting from their height and the light they reflect upon 
the relations of the several subdivisions of the Tertiary formation, 
the one stretching over the Nottoway river near the mouth of Not- 
toway swamp, across the tract intervening between that stream 
and the Blackwater, and following the direction of the latter, chiefly 
on its western side, the other extending in a nearly parallel direc- 
tion a little west of the Nottoway, and intersecting Three creek, 
Racoon creek, and Hunting quarter. The former of these low hills 
presenting on its eastern declivity an abrupt and on its western a 
gentle slope, attains a height usually from 20 to 30 feet above the 
level of the surrounding country; the latter rises in some places to 
perhaps a greater elevation. 

As already intimated, the usually unbroken character of the plain 
of which I am treating, is not preserved in the tracts adjoining its 
eastern and western margins. Along the former the high grounds 
overlooking the extensive flats spreading off towards the Atlantic, 
are deeply channelled by numerous and abrupt ravines, widening and 
deepening as they approach the lower plain. Above and along the 
sides of these the surface stratum, composed of coarse gravel and 
pebbles, often extending to a considerable depth, and arranged in 
layers frequently inclined at a steep angle, is seen resting upon the 
mar! at various elevations, sometimes filling a cavity which is but 
the section of a ravine or trench formed by the removal of a portion 
of the shelly stratum before the coarse sand and gravel was poured 
in, sometimes occupying a conical hollow or pot hole penetrating 
many feet below the surface of the marl, and sometimes blending 
itself with the fragments of broken shells, such as compose the un- 
derlying strata. In a word, the coarseness of these materials, so dif- 
ferent from the superficial beds in the middle portions of the tract, 
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their steep and varying inclinations, and the deeply furrowed surface 
upon which they rest, combine in proving that along this margin of 
the plateau at one time, tides or currents, or most probably both, 
operated with great force, and that while as yet the lower plain 
situated towards the east had not emerged from the ocean, this 
irregular escarpment of the higher level formed -the barrier to the 
waves. Nor should it be deemed an unimportant fact, in confirma- 
tion of this view, that along this line the beds of marl, especially the 
upper strata, are every where composed of fragments of shells, often 
reduced to amere shelly sand, and by a spontaneous process cemented 
into a species of fragmentary limestone. 

Analogous phenomena are presented in the surface strata of the 
western margin of the plateau, where it spreads along the base of the 
low ridge of primary and other rocks bounding it on the west. Here 
we meet with a gravel of great coarseness often containing well 
rounded masses many inches in diameter, and all derived from the 
rocky strata situated to the west. These beds of sand and gravel of 
every variety of texture, as disclosed in the ravines, or in artificial 
sections, display the same obliquity and frequent changes of direc- 
tion in their component layers which were before noticed, but in a 
still more remarkable degree—and thus according to the observed 
and well known effects of currents, establish the fact that along this 
line of boundary, and for some distance to the east, the agencies of 
tides and currents must at some former time have operated with 
great violence and effect. It may not be uninteresting to add, that 
the same evidences of an ancient coast line along which are seen the 
rocky fragments transported by wide rivers or sweeping inundations 
coming from the west, are found continually accompanying the 
narrow belt adjoining the primary rocks on the east, not only in its 
course entirely across our state, but through Maryland, Pennsylvania 
and New Jersey. And I may further say, that owing to the more 
level surface of this than the adjoining rocky district to the west, as 
well as the yielding nature of the surface strata, the great line of 
rail-ways now nearly completed from Carolina to the northeastern 
extremity of New Jersey, pursues with but few and short deviations 
the direction of this belt—thus affording to the traveller frequent 
opportunities of observing striking indications of the operations of 
those energetic currents which were once in motion along this 
ancient line of coast. 

It would thus appear from the topographical and other features 
that have been described, that since the waters of the Atlantic 
flowed up to the base of the rocky ledge now marked by the lowest 
falls of our great rivers, entering its various coves and indentations, 
and giving opportunity for the gradual accumulation there, as well 
as farther east, or more out from the shore, of the various strata 
of marl and other marine deposits found in their positions at the 
present day, at least two important geological changes have oc- 
curred. 

Of these changes, forming epochs in the physical history of this 
portion of our state, and I may add, of a wide territory beyond it 
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towards the northeast and south, the first must obviously have con- 
sisted in a change in the position of the extensive tract adjoining 
the primary, and comprising the upper plateau above described, by 
which from being the hed of the ocean, it was converted into dry 
Jand—the second, in a like change, by which the lower tract was re- 
lieved of the incumbent waters. By the first, the coast line was 
transferred from the edge of tlie primary rocks to the eastern escarp- 
ment of the higher platean—by the second, from that escarpment to 
the present margin of the sea. It would be inappropriate here to 
discuss the question, whether these changes were brought about by 
a subsidence or retreat of the ocean, or by an elevation of the land, 
though local facts are not wanting in favour of the latter of these 
views in preference to the former—and in the view of geologists, to 
whom changes of this kind, in progress at the present day, as well 
as of ancient occurrence, are among familiar phenomena, it will 
scarcely be regarded as admitting of dispute. That these changes 
were rather abrupt than gradual, would seem to be evinced by the 
nearly uniform level over the surface of each plateau, and the very 
sudden alteration of level at the western boundary of each—neither 
of which could be anticipated under the influence of a slowly pro- 
gressive change in the relative level of land and water—causing, as 
it would, a gradual transfer of the coast line so as to cover succes- 
sively every portion of both tracts, and creating a gently shelving 
surface from their western boundary to the sea. 


CHAPTER 2. 
Probable extent to which the Marl is spread out. 


The entire area of the two planes above described may be esti- 
mated in round numbers at about 3000 square miles, from which for 
the present, deducting that portion of the surface occupied by the 
counties of Norfolk and Princess Anne, within which the beds of 
Tertiary marl, though as there is reason to believe continued be- 
neath, have as yet been reached only at one or two points, there 
will remain upwards of 2000 square miles of territory on the south 
side of James river underlaid extensively, if not uninterruptedly, by 
the shelly strata. The perfect continuity of these subjacent beds 
throughout the wide tract whose area has been mentioned, it would 
obviously be impossible to demonstrate—nor, judging by analogy, is 
it likely that such would be the condition presented by them were 
it possible to lay bare the level at which they repose. We might 
rather expect to find them overspreading numerous areas of greater 
or less extent, separated by spaces in which few or no shells had 
been deposited—while in some cases, at still greater depths, the 
spaces barren above would be found occupied by beds of marl, and 
the higher marl beds underlaid by unproductive sands and clays. 
But though these variations in the character of the subjacent strata 
may with reason be inferred to exist, the multiplied observations 
made in all parts of this region where exposures of marl, either nat- 
ural or artificial, could be met with, concur in showing that with but — 
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inconsiderable differences as to depth below the general level of the 
plain, deposits of marl may be anticipated, if not at every spot, in 
every neighbourhood of any considerable extent. As examined 
along the Blackwater, Nottoway and Meherrin rivers, and their nu- 
merous tributaries, both great and small, as well as at various points 
where exposures were presented at some distance from the streams, 
great general uniformity was observed both in the characters of the 
several strata of marl reposing in succession one upon the other, and 
in the depth below the common level of the surface of the surround- 
ing plain, at which each of the respective layers was placed. That 
in many portions of this tract, remote from the chief rivers by which 
it is intersected, few or no natural developments of the shelly strata 
should have been discovered, admits of easy explanation, when we 
bear in mind that excepting towards its eastern margin, and in the 
vicinity of streams, the uniform level of the surface is never inter- 
rupted by deep ravines, and that the shallow trenches occasionally 
occurring penetrate too little beneath the surface to reach the com- 
mon level at which the mar] is usually found. 

High up along the Nansemond river, and along the Blackwater, 
Nottoway and Meherrin, as well as their branches, a striking con- 
stancy is remarked in the position of that portion of the series of 
mar! deposits called the blue marl, the lowest of the series as ex- 
posed in this and other parts of the area occupied by the Miocene 
Tertiary of the state. At almost every point where it has been ex- . 
amined, excepting along the eastern limits of the plateau, where it 
gently dips beneath the level of the tide, not again to appear at the 
surface, this stratum may be seen skirting the water line in a slightly 
undulating band, and rarely rising to the height of many feet above 
the stream. In the southern portion of the tract this feature is most 
uniformly displayed, while near to the James river a decided rise of 
the strata may be discerned as we trace them westwards—thus 
bringing the blue marl and the incumbent portions of the series, 
where preserved, to a greater elevation above the level of the water 
—a feature yet more distinctly marked in the Tertiary districts lying 
north of the James river. The general parallelism thus maintained 
between the plane of the marl and that of the rivers throughout 
most parts of the southern tract, distinctly indicates a gentle decli- 
nation of the marl in a southerly direction, or that in which the 
Blackwater, Nottoway and Meherrin tlow—and indeed it might with 
some reason be maintained, that the sloping of thesé beds in that 
direction, as well as the comparatively unyielding nature of the tena- 
cious clays of which they are principally made up, have exerted an 
important agency in determining the drainage in that direction, as 
well as in preventing the streams from forming a deeper channel 
than is furnished a few feet below the upper surface of these beds, 

It will be inferred from these remarks, that throughout most of 
the area of which I am treating, the blue marl cannot be reached at 
depths much less than that of the level of the principal stream, and 
that explorations should never be regarded as unsuccessful until that 
depth has been attained. It may, I think, also be inferred from the 
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peculiar uniformity of position and character of these beds, that a 
very general, though not uninterrupted expansion of them would be 
found spreading away from the margins of the streams to pass be- 
neath the highlands in which, from their level topography, no ex- 
posures have yet been found. Nor can it be admitted as presenting 
an objection to this very pleasing deduction from the facts observed, 
that no such general continuity of the strata is met with along the 
southern shore of the James river in tracing the Miocene mar] from 
its most eastern to its most western exposure, comprising a breadth 
east and west of about 40 miles. The immediate basin of this river 
often presents for many continuous miles along the margin of the 
water, and even to some distance inland, deposits of sand and clay 
unmixed with shells, evincing in many places by the vegetable re- 
mains and other alluvial relics they enclose, that they belong not to 
the Tertiary formation, but owe their existence to the transporting 
and accumulating labour of the stream itself, in periods subsequent 
to that in which the Tertiary plain became dry land. The bluff-like 
line of hills by which we ascend from these flats to the level of the 
Tertiary plateau, are the true margin of the formation, as they would 
appear also to have been once the barriers that confined the ampler 
volume of waters that through the broad and winding channel 
wrought across the Tertiary plain found their passage to the ocean. 
Indeed, as observed in a former report, very inadequate ideas would 
be formed of the continuity and extent of the marl strata, from ob- 
servations on any of our great rivers, and to none is this remark 
more applicable than that which forms the northern boundary of the 
tract of which I am treating. 

Of the probability that the marl is continued eastward beneath 
some parts at least of the low plain of Norfolk and Princess Anne 
counties, incidental mention has already been made, and the reasons 
for entertaining such a hope may not inappropriately be presented 
at this time. Lest, however, too sanguine expectations should be 
indulged of realizing so interesting a conjecture, it is proper to re- 
mark, that though diligent enquiry, aided by shallow borings at 
several places, was made throughout this region, and along the ca- 
nal and feeder and at other points within the Dismal swamp, no 
unequivocal deposit has yet been found excepting in the vicinity otf 
the Great Bridge in Norfolk county, and four and a half miles 
northeast of Suffolk near the western margin of the swamp. Of 
these the latter consists of blue marl, identical in character with 
the upper portion of that formation west. The former was of more 
ambiguous character, and for want of a sufficient variety of shells 
cannot yet be decidedly referred to a place in either of the members 
of the Miocene Tertiary hereafter to be described. 

I have already stated that along the eastern escarpment of the 
Tertiary plateau, the blue marl, where in view, is observed to dip 
gently though irregularly in a direction which would carry it be- 
neath the low plain lying towards the sea—and as might be ex- 
pected, the overlying marly strata incline in a corresponding direc- 
tion. Thus in tracing these beds as exposed on the shores of the 
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Nansemond river, from the mouth of Bennet’s creek, where they 
first appear, up towards Suffolk, the first exposures as they emerge 
above the water line are observed to consist of the fragmentary 
and yellowish marls, known to be higher in position than the blue. 
But bending westward, as we ascend, we observe the blue marl 
rising into view in the neighbourhood of Sleepy Hole ferry, and 
after emerging a little higher, continuing generally exposed to the 
height of a few feet above the water line, throughout the reach of 
the river below Suffolk, having a north and south direction. So 
also at Day’s Point, the most eastern exposure of marl immediately 
on the southern bank of James river, the shelly stratum that first 
emerges from the beach, at a short distance above the mouth of 
Pagan creek, consisting of the overlying bed of ferruginous marl, is 
seen gradually rising to a higher level as we ascend the river, until 
about a quarter of a mile above and in a direction N. W. from the 
point at which the marl first came in view, we see the blue stratum 
beginning to shew itself beneath the other, and soon with a gentle 
slope rising to the height of several feet above the base of the river 
bank. 

This general declination towards the south and east, along the 
margin of the higher plateau, as well as throughout its whole ex- 
tent, as formerly remarked upon, can hardly fail to be regarded as 
favouring the opinion that the lower of these beds, to wit, the 
blue marl, is continued seaward beneath the contiguous flats, and 
though probably in general with increasing depth as it stretches 
towards the ocean, not too much removed from the surface to be 
accessible by moderate excavations along the eastern portion of 
this lower plain. But of the persistency of the upper light coloured 
beds of the marl beneath this tract, the probability is far less, as 
those destroying agencies, whether of tides or currents, whose 
traces are so deeply impressed along the ragged and channelled 
escarpment of the higher plateau, could hardly have spared these 
more superficial and less resisting materials. 

Whether the shelly strata in question, should they exist beneath 
this tract, are within such a distance of the surface of any consid- 
erable portion of its area as to render the requisite excavations 
sufficiently cheap to be of economical advantage, can only be de- 
termined by a systematic exploration by means of borings at nu- 
merous places, carried to a considerable depth. These, from the 
attendant expense, and the time they would consume, I have not 
felt justified in undertaking in connection with the survey, more 
especially toc, as with some combination of effort among neighbour- 
ing proprietors, this simple operation could be conducted as success- 
fully by the persons inmediately interested as by myself or any of 
the members of the corps. I cannot however dismiss this topic 
without suggesting the expediency of such borings in various places 
throughout the western portion of this tract, and tendering such 
assistance and advice as it may be in my power to give to those 
who may feel disposed to enter upon such an experiment. I would 
further suggest, that the probability of the existence of the marl 
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throughout a portion of this tract does not ‘appear to me the less 
from the absence of marl beds in the deep excavations made at the 
navy yard and dry dock in the vicinity of Portsmouth, for from 
the character of the strata there penetrated, they would seem to 
have originated as deposits from the neighbouring rivers, not likely 
to extend inland to any great distance, or should they be of more 
general occurrence, they might perhaps prove to be strata overlying 
the marl—in which event, however, its depth throughout that 
neighbourhood at least would render it unavailing for any useful 
purpose. 
CHAPTER 8. 


Of the Position and Limits of the Eocene Tertiary as presented in 
the Tract South of the James River. 


The existence of strata appertaining to this the lowest and most 
ancient division of the Tertiary formation along the James river, as 
well as at a few points lying towards the south, was announced in 
the report of the geological reconnoissance of the state, and at the 
same time some details were given in regard to its character, as 
well as that of the overlying Miocene, as observed at several inter- 
esting localities on the southern bank of the river. Since that time, 
as will be seen by reference to succeeding reports, its boundaries 
have been traced to the Potomac, and the characters of the various 
beds of which it is composed, in regard to mineral and fossil con- 
tents, as well as agricultural efficacy, has been made the subject of 
minute examination. Still more recently the limits of this forma- 
tion, as exposed on the James river, and traced southwards until it 
ceases to be revealed either in natural or artificial sections of the 
country, have been attentively explored. Of the general results of 
these observations, the following brief sketch will, it is thought, be 
deemed sufficient for the present. 

In tracing the Miocene marl westwards by the numerous inter- 
rupted exposures in which it is disclosed along the southern bank 
of the James river, after passing a point a little above the mouth of 
Chipoak’s creek, the strata contiguous to the river, and generally 
for some distance inland, are found to consist of sands and clays de- 
void of shells or their impressions, plainly referring themselves to 
the more recent class of deposits due in great part to the operations 
of the stream, and to that diluvial rush of waters, of whose agency 
numerous evidences are met with throughout the Tertiary plain. 
This feature is maintained along the shore as far as a point about 
8ths of a mile below the mouth of Powell’s creek, though at some 
distance inland both north and south of the river, as might be 
expected, exposures of the true Miocene marl are met with. 

At the point just mentioned, the Eocene first makes its appear- 
ance in the base of the river bank, extending along the shore only 
for a short distance. It is of a light colour, quite indurated, con- 
taining impressions of shells, and occasionally an Eocene oyster. 
With some interruptions it may be traced westwards to near the 
mouth of the creek, gradually rising until it reaches a height of 
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about three feet. Throughout this line of exposures, the shelly 
stratum is generally overlaid by a ferruginous band from 8 to 18 
inches in thickness, containing at many points small crystals of 
selenite or crystalized gypsum. This gypseous bed is covered by a 
layer composed almost entirely of pebbles, which may be regarded 
as marking the upper boundary of the Eocene, and upon this re- ~ 
poses a bed of pipe clay; the Miocene strata, seen at other points 
inland, as well as above on the river shore, having been removed in 
this vicinity by local agencies. 

Still higher up, at Coggin’s Point, Tarbay and Evergreen, the 
beds of Eocene are observed emerging at a greater elevation, and 
from the height of the river cliffs at several places, an opportunity 
is afforded of viewing the incumbent beds of Miocene in the upper 
parts of the same exposure in which the Eocene is seen below. Of 
the principal features remarked at these interesting localities, some 
account having been given in a former report, their further and 
more detailed consideration will be omitted for the present. Still 
pursuing our course upwards along the river shore, we find numer- 
ous interrupted exposures. At City Point it is seen for a distance 
of several hundred yards rising a few feet above the base of the 
bank, presenting a dark brownish green colour, a sandy, micaceous 
and slightly tenacious texture, and containing a slight intermixture 
of sulphate of iron and gypsum, and impressions of shells, with lit- 
tle or no shelly matter. The green sand to which it owes its colour, 
besides being generally diffused, is seen occasionally collected into 
spots. Here, as at most of the other localities, the greenish stratum 
is overlaid by ferruginous clays and a gravelly bed, often assuming 
the character of a coarse ferruginous sandstone. Similar appear- 
ances are presented by these beds, as disclosed on the opposite side 
of the river at Herring creek, Berkeley, Shirley and other places, 
the lower stratum of a dark green colour being found to extend to 
the depth of many feet below the base of the bank, containing a 
considerable proportion of green sand, and abounding in impressions 
of shells, while the upper beds of the Eocene, where exposed along 
Herring creek, present a good proportion of shells in an undecom- 
posed condition. At Mr. Archer’s and Mr. Allen’s above Bermuda 
Hundred, the lowest strata of the formation are displayed at nu- 
merous places along the river shores, containing a few unchanged 
shells, and abounding particularly at the latter place in casts of the 
turreted shell usually found near the bottom of the formation. At 
Deephole, the most western exposure of the Eocene, immediately 
on the river, the marly bed consisting of an indurated light coloured 
calcareous clay, abounding in casts of the shell just referred to, 
after continuing at a level of 2 or 3 feet above the surface for a 
short distance up the river, is seen to rise at a considerable angle, 
until its lower boundary emerging from the base of the river bank, 
discloses a stratum of decomposing micaceous sandstone. 

Here terminates the series of Tertiary deposits, so far as disclosed 
along the river. The sandstone in question marking the upper Jimit 
of a formation which is irregularly extended over the granite and 
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other primary rocks in this and the more northern portion of the 
state in the same meridian, refers itself by the fossils it contains, as 
well as by its position, to a class of deposits of more ancient forma- 
tion than any of the Tertiary group, and is clearly ascertained to 
belong to the later of the secondary class of rocks, being not widely 
separated in the series from the strata of sandstones and slates asso- 
ciated with the coal of Chesterfield, Powhatan, Henrico and Gooch- 
Jand counties. The upper surface of this sandstone formation, worn 
and broken in a very irregular manner, and not unfrequently cov- 
ered with a layer of coarse pebbles, bears witness to the destroying 
energy of the currents which swept over it prior to the commence- 
ment of the Tertiary deposits, and thus marks an epoch of violence 
in the early geological history of this region. It is on this account 
that these sandstones display remarkable irregularity as to thickness 
and texture, as displayed at intervals higher up the river, and in 
some parts of the belt over which they are generally spread out, 
they appear to have been entirely removed, permitting the lower 
Tertiary beds to rest immediately upon the granite. 

South of the James river this irregularity in the subjacent 
secondary sandstone is much more strongly marked than in the 
northern portion of the belt as it extends with a variably increasing 
breadth across the South and North Anna and Rappahannock rivers 
as far as the Potomac. Hence, as might be inferred, the limits of 
the Tertiary beds towards the west, or where they join this older 
formation, present the most complicated sinuosities. Indeed islands 
and peninsulas of the sandstone are met with some distance east- 
ward of its general boundary, while inlets of the Tertiary strata are 
seen penetrating beyond it to the west. Thus on a branch of the 
Appomattox just above the fork near Broadway, on a meridian sey- 
eral miles to the east of that of Petersburg, these layers of coarse 
and fine sandstones and conglomerates are seen lying horizontally 
one upon the other, forming a cliff about fifty feet in height, while 
in the vicinity of Petersburg the greenish sandy strata of the Eocene 
arefound. It may well be imagined therefore, that near its western 
margin the usual continuity of the Tertiary marl formation will be 
liable to frequent and sudden interruptions, and that from its exist- 
ence on one estate no argument can be drawn for its presence on 
that which lies contiguous and in the same meridian. 

This belt of sandstones, forming further north so important a 
feature in the geology of the western confines of the Tertiary tract, 
continues but a short distance south of the James river. Suddenly 
terminating, so far as superficial exposures are concerned, on the 
Appomattox in the vicinity of Petersburg, no indications of it are 
met with further south in its previous position, between the Ter- 
tiary strata and the ledge of primary rocks, and only in one instance 
has a rock resembling it been found in the country lying south of 
the neighbourhood of Petersburg. Neither, as far as I know, does 
it make its appearance in North Carolina. The insulated locality 
just referred to, is in the bed of the Nottoway river, about 4 miles 
above Bolling’s bridge, where a rock forming the natural founda- 


262 


tion of a bridge, is exposed for a short distance nearly on a level 
with the water, bearing a close resemblance to the formation re- 
ferred to, and which there is strong reason for believing is geologi- 
cally the same. From the small area occupied by these sandstones 
on the surface of the tract south of the James river, as well as the 
frequent overlapping of the Tertiary beds, 1 did not deem it im- 
portant in describing under a preceding head the general character 
of the western boundary of the upper Tertiary plain, to advert to 
-the small thickness of these rocks interposed between the marl and 
the ledge of primary. Nor indeed in any part of the state is such 
a reference necessary in fixing the general limit of the Tertiary in 
this direction, since every where throughout their range we find 
these sandstones more or less overlaid by the marl, and permitting 
the close approach and not unfrequently the contact of the latter 
with the primary. But in tracing more in detail the boundaries of 
the Eocene or Tertiary marl, I have deemed it not uninteresting in 
an economical as well as geological point of view, to present the 
reader with an explanation of the irregular manner in which the 
Tertiary strata may be expected to occur every where in the vicinity 
of the sandstone formation. 

It will be inferred from the preceding remarks that throughout 
most of the Tertiary tract, south of the James river, the true line 
of termination for the marl is at the commencement of the primary 
rocks, though as formerly stated, this line is scarcely less inflected 
and irregular than that which marks the contact of the marl with 
the sandstones. As examples of this irregularity, cited formerly in 
a general way, I may point the reader to a locality on the Nottoway 
near the mouth of Harry’s swamp, and between 8 and 4 miles 
higher up than the spot in which the solitary exposure of sand- 
stone occurs, and to several points in the neighbourhood of Hick’s 
ford—at all of which we find granite or other primary rocks rising 
through the marl, thus affording exposures of the latter to the west 
as well as to the east of the former. Without entering into details 
illustrating the more important flexures of this boundary line, it 
will suffice for the present to indicate the general margin of the 
Tertiary by a straight line connecting Petersburg and Hick’s ford, 
and thence continued to the state line. 

It might be expected from the continuity of the Eocene strata, 
as heretofore carefully traced from the Potomac to the James river, 
that they would be found prolonged as a continuation of the same 
belt, lying at the foot of the Tertiary ridge, throughout the tract 
lying southward of that river. But though as already described, 
they shew themselves on the southern bank of the river, lying be- 
neath the Miocene, from a point a little below Powell’s creek in 
Prince George, to Deep hole in Chesterfield—thus occupying a 
width from east to west of not less than 15 miles—and thongh as 
far south as a line drawn a little south of Petersburg they are still 
met with near the water level, yet throughout the remainder of the 
Tertiary tract lying in the direction of this Eocene belt, no unequiv- 
ocal indications of the continuation of this lower member of the 
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Tertiary series can be found. At a single locality within this tract, 
immediately contiguous to the exposure of sandstone previously 
mentioned as occurring on the Nottoway above Bolling’s bridge, a 
nodular and highly calcareous material was some years ago met 
with in digging a small canal. This in general aspect and composi- 
tion bears a striking resemblance to the calcareous concretions 
often found embedded in the Eocene, but from the want of fossil 
impressions on these masses, it would be impossible to infer with 
confidence to what division of the Tertiary they belong. As, how- 
ever, from their position where met with, they were evidently from 
a stratum resting on the sandstone shown at contiguous points— 
and as this is almost certainly in a geological sense the same with 
the sandstone immediately underlying the Eocene on the James 
river and in other parts of the state, it may be inferred as highly 
probable that the calcareous material in question is the representa- 
tive ans that portion of the Tertiary in the region where it was 
found. 

It would appear, therefore, from all that has been said on this , 
subject, that both the sandstone and the Eocene Tertiary, if pro- 
longed continuously towards the south, must lie at a depth that 
places them beyond the reach of the excavating power of the 
streams. Bearing in mind the interesting fact referred to under a 
former head, that throughout this portion of the upper Tertiary 
plain, the blue marl, a higher formation than the Eocene, preserves 
a nearly uniform level of a few feet above the water line of the 
rivers, it could not be expected that the latter should be reached 
by any of the natural excavations of the country, much less that 
the underlying sandstone should make its appearance on the river 
banks. It is moreover worthy of observation as regards the ques- 
tion now in view, as well as the fact of the comparatively gentle 
slope and shallow channels of the three principal streams intersect- 
ing this region, that while in common with the James, York and 
Rappahannock rivers, they flow from a belt of very uniform eleva- 
tion, immediately below the falls, and terminate their course at an 
unvarying level to the east, the three streams in question are com- 
pelied, by the direction they pursue, to traverse a much greater 
actual distance in making the same approach as the others to the 
ocean level. : 


CIAPTER 4, 


Order of the Strata in this Region from the Granite up. 


Having, by the descriptions above given, furnished the reader 
with the means of clearly marking on the map the general divisions 
of the Tertiary plain south of the James river, and of forming cor- 
rect views as regards the positions and relations of the principal 
groups of strata within its limits, I proceed to a brief account of the 
arrangement in which those groups occur, with the view more par- 
ticularly of drawing attention to the subdivisions of the Miocene 
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Tertiary, which, wherever presented, have been found distinguished 
by well marked peculiarities. 

To aid the reader in acquiring clear conceptions of the order in 
which the several strata of this region, wherever met with, have 
been found to be arranged, as well as of the appearances presented 
at the planes of junction of the several groups or formations, indica- 
tive of intervening periods marked by the wearing or denuding ac- 
tion of water, I have constructed the following column or vertical 
section of the strata from the surface of the primary, which was 
antecedent to them all, to that of the soil, which is the most recent 
and covers them at top. 


EXPLANATION OF THE GEOLOGICAL COLUMN. 


A to B—Represents the beds of sand and gravel, usually lying im- 
mediately below the soil, which from their oblique position 
and the general coarseness of the materials, indicate a de- 
position under the influence of strong currents. This over- 
spreading the region extensively, and evidently due to some 
general cause, is properly to be regarded as Diluviwm. 

B to C—Horizontal beds of sand and clay, prior to the diluvium, 
and partially and sometimes entirely removed at the time 
of its deposition. 

C to D—Upper portion of the Yellow marl—a conglomerate of frag- 
ments—containing in its lower parts, nearly entire, but 
water-worn shells. 

D to E—Zower portion of the Yellow marl—shells contained in a 
friable sand, and near the bottom in a tenacious clay— 
numerous species above, Mactra modicella almost entirely 
beneath. 

E to F—Upper Blue marl—a blue clay of fine texture—rich in mac- 
tra modicella—shells becoming more various as we descend. 

F to G—Lower Blue marl—a more sandy material—abounding both- 
in the number and variety of its shells. 

G—Thin band of pebbles, separating the Miocene from the Eo- 
cene Tertiary. 

G to H—Zocene on the James river—clays and sands usually of a 
greenish tinge—containing shells and their impressions— 
often presenting a considerable proportion of green sand 
and some gypsum. 

H to I—Sandstone formation—deeply channelled above-—before the 
deposition of the Eocene. 

I to K—G@ranite and other primary rocks, upon which the sand- 
stone rests. 


In this column it will be seen, that between the primary rocks 
and the blue marl, or lowest of the Miocene beds, both the second- 
ary sandstone and the Eocene are interposed, although their pres- 
ence in a large portion of the region south of the James river is to 
be regarded as only a somewhat probable inference, not a demon- 
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strated fact. In this particular, therefore, the representation is to 
be looked upon as applying with undoubted accuracy, only to that 
portion of the tract lying along and near the James river, at the 
same time that it is also a faithful picture of the whole series of 
formations as observed in the region north of the river. 

It should farther be borne in mind, that though the succession 
of strata, as to time and order of superposition, is faithfully indi- 
cated by the figure, the whole of the series of formations which it 
comprises are not to be looked for at any one locality. Thus, while 
near the western margin of the tract we may at some points be able 
to discover the primary, tbe sandstone, the Eocene, and perhaps the 
lower portion of the Miocene, invariably resting the one upon the 
other, in the order in which they have been enumerated, further to 
the east we will meet with the remainder of the series, including 
the biue and yellow and fragmentary marls, the overlying horizontal 
clays and sands, and the coarser diluvial material immediately sub- 
jacent to the soil, so that by connecting such observations, made at 
different points, through the medium of some one stratum whose 
established identity enables us to employ it as a link, we are enabled 
to construct the entire column of formations in the order in which 
they were deposited. 

Referring to the lower part of this geological column, in which 
the secondary sandstone is represented as resting on the granite, it 
is proper to remark that though in this region no rocks more ancient 
than the sandstone are interposed between it and the irregular floor 
of primary upon which it lies, it would be inconsistent with a more 
extended observation of facts to infer from this that the deposition 
of these sandstones constituted the next important geological event, 
after the elevation of the granite to the position which it now occu- 
pies. So far is such an inference from being correct, that upon a 
wide survey and comparison of the rocks in other parts of the state, 
no doubt can be entertained that all the groups of limestones, sand- 
stones, slates, shales, and coal seams occupying the wide region 
lying to the west of our Blue Ridge, are of greatly higher antiquity 
than the secondary sandstones here referred to, and were the geo- 
logical column complete in the tract of which I am now treating, 
these Appalachian and Alleghany rocks, comprising a thickness of 
strata of many thousand feet, would form but a portion of the for- 
mations which would be found interposed between the primary rocks 
and the secondary sandstones here lying as indicated in the column 
in immediate contact. Nor is there anything to excite surprise in the 
existence of a hiatus of such vast extent in the series of geological 
formations. Throughout a large portion of our state lying between 
the head of tide and the crest of the Blue Ridge, the primary rocks 
occupy the surface to the exclusion of all others, being simply cov- 
ered by the thin stratum of soil to which they have given origin by 
their decomposition, thus bringing into immediate juxtaposition 
materials appertaining to the most ancient and to modern geological 
productions. That this portion of the area of primary rocks, as 
well as that upon which the secondary sandstone in question reposes, 

12 


266 


were not covered by deposits such as are found west of the Blue 
Ridge, only serves to shew that at the time in which the Appala- 
chian and Alleghany rocks were progressively forming beneath the 
bed of the wide ocean whose waters extended from our Blue Ridge 
over the great valley of the west, the primary surface on this side 
was not in a position to receive these depositions; in other words, 
it was then, as the most of it is now, dry land. Along its eastern 
margin, however, and over some breadth of the primary in the 
northern portion of the tract, as extending in a direction to inter- 
sect our principal rivers near the head of tide, at a much later pe- 
riod than that of the production of the formations west of the Blue 
Ridge, this primary surface was in a situation to receive the sedi- 
mentary material of which the secondary sandstones in question are 
composed, a material bearing evidence in its mineral nature, and 
the large proportion of water worn pebbles it frequently contains, 
as well as in the character of the organic relics by which in many 
places it is abundantly impressed, that the scene of its production 
was one in which marine and terrestrial agencies were combined, 
the margin of a broad estuary or a shallow sea. 

Looking now to the group of Eocene strata resting on the surface 
of this sandstone, where the latter is present, we perceive in the 
undulating line of contact which so generally marks the junction of 
the two, and in the accumulation of coarse gravel near the upper 
limits of the sandstone, that previous to the commencement of the 
Eocene deposits, the subjacent rocks were deeply trenched, and 

esometimes almost entirely removed by powerful currents sweeping 
over their surface, bearing away the finer materials of these rocks, 
and pouring into the cavities thas formed the coarse gravel and 
pebbles too ponderous to be removed. We see too in this rugged 
boundary, as thus simply depicted to the eye, and that with far more 
distinctness than could be communicated by mere words, how great 
must be the irregularity before adverted to, in the outline of the 
Eocene tract on the surface of the Tertiary plain where it adjoins 
these sandstones, and hence we derive a strong impression of the 
necessity of minute individual research along the confines of the 
two, in deciding upon the presence or absence of the Eocene marl 
in neighbourhoods where it may be desired to bring it into use. 

Ascending in the column to the next group of strata, we find the 
Miocene Tertiary separated fromthe Eocene by a band of pebbles 
or coarse sand, which, though not always present, is very generally 
met with in this place. These pebbles, as observed at numerous 
points on the Potomac, Rappahannock and Pamunkey, and less- 
abundantly on James river, are remarkable for their black colour, 
and are found more or less diffused for some distance through the 
upper and lower beds. Here too is very commonly met with a ferru- 
ginous stratum, sometimes having the hardness of a rock, consisting 
usually of coarse sand and some pebbles, cemented by oxide of iron. 
But along this bounding plain, which separates the Eocene from the 
Miocene divisions of our Tertiary, excepting this thin band of com- 
paratively coarse material, we observe no evidences of physical vio- 
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lence having intervened between the close of the Eocene and the 
commencement of the Miocene deposits. None of that trenched and 
channelled configuration of surface remarked in the sandstone is 
here met with, but the smooth and unbroken level of the Eocene, 
washed by a gentle current just sufficing to develope the thin peb- 
bly band referred to, became the recipient of the successive strata 
of the overlying Miocene. 

Yet though such slight marks of violent agencies are perceived 
in the interval between the two formations, so far as they are ex- 
posed in Virginia, it is interesting to observe how great a change 
took place in the character of the deposits when the Miocene strata 
began to be formed. The green sand, comparatively so abundant in 
some of the Eocene beds, and thence imparting to them the deep 
greenish colour for which they are distinguished, is scattered much 
more sparingly through the Miocene strata, and is often scarcely to 
be discerned at all, while the relics of organic life, consisting chiefly 
of shells, met with in such numbers in the Eocene, are with perhaps 
a single exception discontinued in the overlying formation, to make 
way for a far greater variety of species, distinct from those below. 
It is indeed a remarkable fact, that, one doubtful case excepted, no 
shells have been met with in Virginia common to the two forma- 
tions, and that the inspection of a single shell will therefore enable 
the observer confidently to pronounce upon the character of the 
stratum whence it was taken, whether as pertaining to the Eocene 
or Miocene division of the Tertiary. It has been for want of such a 
relic, or the cast of it, in the calcareous concretionary material for- 
merly noticed as occurring above Bolling’s bridge on the Nottoway, 
that I have been thus far unable to form a decided opinion as to the 
presence of the Eocene in that region, and the discovery of only a 
solitary shell or its impression may, by removing existing doubts, 
furnish a motive for exploring beneath the blue marl in some por- 
tions of that district for beds of Eocene that at some future day 
may become of economical importance. Those who, misconceiving 
the objects the geological explorer has in view in collecting and 
scrutinizing with so much care the shells and other fossil relics of 
our mar! beds and other strata, are disposed to regard his labour and 
attention as at best bestowed to gratify a scientific but useless curi- 
osity, will perceive in the facts here stated a striking illustration of 
the practical results which such enquiries not unfrequently unfold. 

To what cause we are to ascribe this remarkable fact of the al- 
most entire change in the species of shellfish inhabiting the Tertiary 
sea, in passing from the Eocene to the Miocene formation, is a ques- 
tion by no means easy of solution. The seemingly almost quiet tran- 
sition from the one series to tlle other, precludes the supposition of 
any violent convulsion by which the former races might have been 
extinguished, and new conditions of the ocean and its sediments in- 
duced favourable to the increase of the various new species which 
flourished during the period when the Miocene beds were forming. 
Yet as such a change in the sedimentary matter is seen to have taken 
place along with the introduction of this new population in the bed 


“@ 


268 


of the ocean, there can be no doubt that some important physical 
revolution intervened between the Eocene and Miocene, for the dis- 
tinct marks of whose violence we are perhaps to look to other and 
distant regions in which these divisions of the Tertiary are devel- 
oped, and of the occurrence of some such, geologists abroad have 
already become aware. 

The Miocene strata thus broadly distinguished from the Tertiary 
beds beneath present, where entire, the three subdivisions repre- 
sented in the column, to wit: the blue marl, the yellow and grey 
marl, and horizontal beds of fine sand and clay, of which I shall 
now proceed to treat in the order enumerated. 


Of the Blue Marl. The strata here referred to as occupying the 
lowest position in the Miocene group, are distinguished by their 
dark bluish colour when moist, which turns to a bluish grey on 
drying, and by being composed of a very fine homogeneous clay of 
a soapy feel, especially when wet. Towards its lower limit, ap- 
proaching the Eocene, the texture of the clay becomes coarser and 
less tenacious from the presence of a considerable amount of gritty 
sand, and near the bottom and sometimes even throughout a con- 
siderable part of its thickness, the sandy character is found to pre- 
dominate. The shells and other fossils it contains, though generally 
embedded closely together, are sometimes very thinly disseminated 
through the stratum, and in almost every case are in beautiful pres- 
ervation, and free from the marks of violence met with in the fossils 
of some of the overlying beds. They are of very numerous spe- 
cies, associated in some cases with fragments of zoophytes resem- 
bling corals. This variety of species, however, is chiefly displayed 
in the lower portions of the strata, and is more remarkable in the 
exposures in the middle and western parts of the Tertiary tract than 
near its eastern margin. The upper portions are remarkable through- 
out a large extent of this region for containing a single species of 
shell, almost to the exclusion of the rest, and often in such great 
numbers as to form more than half the entire weight of the mate- 
rial. This beautiful little fossil (the Mactra Modicella) is a bivalve 
or shell consisting of two nearly equal and similar parts, of an oval 
figure, about three fourths of an inch in length and three fifths in 
breadth. Though less abundant in the lower parts of the blue marl 
than near the top, it is still found in considerable numbers, mingling 
with the other fossils, and may be regarded as characteristic of this 
and the next superior part of the Miocene throughout this portion 
of the state. Ina large number of cases, these shells are found 
with their two valves in their natural closed position, the interstices _ 
being filled usually with the same fine bluish clay that surrounds 
them. When disjoined, as well as in the state just mentioned, the 
valves are perfect in all their parts, retaining unbroken the most 
delicate processes and margins, and in general still covered with the 
pearly coating that naturally invests them. They are, moreover, 
seen to be arranged in layers or groups in the enclosing clay, and 
from this and the other facts just stated, may be confidently regarded 
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as occupying the very positions in which the successive generations 
of animals who dwelt in them lived and died. 

This great predominance of the fossil in question is less generally 
observed as we trace the upper layer of blue marl towards the west. 
There the mactra is found to be more largely intermixed with other 
shells, so that the distinction of this stratum from those beneath is 
nearly or altogether lost. 

As formerly mentioned, the blue mar] is met with at a very uni- 
form level, of a few feet above the surface of the principal streams, 
in all parts of the district excepting along its southeastern margin, 
where it descends with an inclinativn towards the east and south, 
so as to disappear below the water. 

The general direction of this line of intersection of the upper 
surface of the blue marl with the water plain, may be indicated by 
an irregularly inflected margin, commencing at Day’s Point on the 
James river, at the locality formerly mentioned, a short distance 
above the mouth of Pagan creek, crossing this creek in the neigh- 
bourhood of Smithfield, intersecting Chuckatuck a little below the 
mill, touching the Nansemond river a little below Sleepy Hole ferry, 
then taking a nearly meridianal direction which carries it west of 
the river, crossing Western branch near its mouth, and pursuing the 
direction of the river to the vicinity of Suffolk. Gradually bending 
towards the west, the line in question now strikes across to the 
Blackwater river, on the margin of which at a point a little below 
M’Clenna’s bridge, the blue marl is seen nearly on a level with the 
water, and continuing in the same general course, it crosses the 
Nottoway a short distance below Monroe, and thence passing to the 
Meherrin river intersects that stream a little south of the state line 
and near the mouth of Flat swamp. The boundary thus indicated 
will of course be subject to some variation according to the fluctua- 
tions in the level of the water plain to which it is referred. So that 
from the near parallelism of the marl and that plain, a few feet of 
rise or fall of the water may conceal or disclose the stratum for 
some distance above or below the average point of its emergence. 
Nor is it meant that the upper surface of the marl is so free from 
undulations of level as not at various points to cause important 
local flexures of this line. Yet notwithstanding this irregular and 
somewhat mutable character of the boundary in question, it is by 
no means unimportant in an economical point of view, that its gen- 
eral course should be delineated on the map of this region—since 
from such an outline a more correct judgment may be formed as to 
the position and depth at which the blue marl may be expected to 
occur. 

It is important further to remark, that the tract lying to the 
south-east or dip side of that portion of this boundary line, which 
extends from the vicinity of Suffolk across the Blackwater, Notto- 
way and Meherrin rivers, is not to be regarded as destitute of the 
marl, since various facts which have come to my knowledge clearly 
evince its existence frequently, if not generally, along the beds of 
those streams for some distance south of the state line. Nor is the 
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depth at which it is thus known to exist, within a moderate dis- 
tance of the water boundary, so considerable as to place it beyond 
the reach of profitable exploration in such localities as are removed 
from these streams, and therefore less liable to the inconvenience of 
an influx of water sufficiently serious to obstruct the progress of 
excavation. 

The general continuity of the blue marl through most of the 
upper Tertiary plain, has already been referred to as strongly indi- 
cated, if not fully established, by multiplied observations on the 
rivers and their tributaries throughout this region. It will there- 
fore be apparent that notwithstanding the absence of natural ex- 
posures over many tracts of the highlands of considerable extent, 
as well as from local and alluvial causes, even along the margins of 
the rivers themselves, this extensive region is to be regarded as very 
bountifully supplied with this variety of the Miocene marl—and that 
from the generally moderate elevation of the surface of the coun- 
try, few localities can be found where diggings in the ravines of 
from 10 to 20 feet will fail to disclose these valuable deposits. 

Of the amount of calcareous matter contained in numerous va- 
rieties of the blue marl, the table hereafter to be given will convey 
detailed, and it is hoped, useful information. 


Of the Yellow and Grey Marl. Again referring to the column, 
we find resting on the stratum just described, a bed, or series of 
beds, characterized in general by their yellowish and greyish colour, 
and the larger admixture of gritty sand in the earthy part of their 
composition. The lowest of these beds, or that resting next above 
the blue marl, where exposed towards the southeastern margin of 
the Tertiary plain, is remarkable for its rich brownish yellow col- 
our, is of a more clayey texture than those above, and contains the 
little shell (Mactra Modicella) before noticed, as so abundant in the 
blue of that district, to an equal extent. This fossil, though less 
predominant as we follow the light coloured marls towards the west, 
still continues to be met with in great numbers, low down in the 
beds, and is rarely entirely absent in any extensive exposures of 
them. In general towards the middle and western parts of the 
tract, these yellowish and grey marls increase in thickness, present- 
ing a great variety and abundance of fossils, but the bright yellow 
band almost exclusively composed of the Mactra forming the lowest 
stratum, is thinner and less uniformly present than towards the 
east. Indeed, as will be seen from what was formerly stated in re- 
gard to a somewhat analogous change on the part of the blue marl 
as traced westward, it is evident that the line of demarcation be- 
tween the two is less distinctly marked in that direction than to- 
wards the southeastern part of the formation. 

In the northern portion of the tract, the thickness of these beds 
as exposed at numerous localities on the tributaries of the James 
river, is from 15 to 20, and sometimes 25 feet—the blue marl lying 
beneath being often met with along the base of the same hill or cliff 
to the depth of several feet. In a belt situated about one third of 
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the whole breadth of the tract from its eastern boundary, the more 
superficial beds very frequently exhibit a mixture of greyish pulveru- 
lent or chalky mar! and calcareous internal casts of shells with com- 
paratively few shells in an unchanged state. The same peculiarity 
is of common occurrence over a region occupying a corresponding 
position in the Tertiary plain north of the James river as far as the 
Potomac. 

The uppermost portion of these light coloured marls is in general 
characterized by presenting the contained fossils in a less perfect 
state than either the immediately subjacent beds on the blue marl, 
often containing along with entire specimens, a large proportion of 
fragments of shells. This feature is, however, but slightly displayed 
in the middle and most of the western parts of the Tertiary plain, 
but becomes very conspicuous along its eastern margin. As pre- 
sented in that portion of. the tract, these upper beds are almost 
wholly composed of fragments of shells, sometimes forming a kind 
of shell gravel, and sometimes sufficiently minute to be considered 
as a calcareous sand. Each particle or piece has the worn or 
rounded form that attends the continued and powerful action of 
water—and even the large and nearly entire shells sparingly scat- 
tered through the mass in many localities, have lost their sharp 
edges and pointed prominences, and in some cases, have been ground 
away until nothing but the central and thicker portions of the shell 
remain. Mingled in general with a small amount of gritty ferrugi- 
nous sand, imparting to the mass a yellowish or brownish hue, this 
fragmentary matter is often so firmly cemented together as to have 
the solidity and hardness of a rock, and indeed, in this condition is 
to be regarded as a Tertiary limestone. The cementing material, as 
might be expected, is carbonate of lime, doubtless deposited by the 
infiltering water, which in its progress through the upper portions 
of the fragmentary beds had become imbued with this substance, 
and in process of time deposited it in the interstices of the porous 
mass beneath, sometimes partially, at others entirely filling the va- 
cuities of the rock. This cement, as will at once be inferred, pre- 
sents in general a crystalline texture, and wherever it has filled up 
the hollow of a shell or any other cavity of considerable size, ex- 
hibits well marked forms of ecalcareous_spar. As illustrating the 
mode in which this cementation takes place, and at the same time 
indicating a fact not devoid in some cases of economical interest, I 
may mention that wherever these fragmentary beds are exposed in 
considerable thickness to the inundation of tides, or to the direct 
access of rain, and are at the same time in the open air, as for ex- 
ample in the case of a cliff or river bank, though soft or but slightly 
cemented at first, they are seen to grow firmer from year to year, 
until at length the surface, and some depth of the material, assumes 
the consistence of a rock. In this way blocks of the fragmentary 
matter which have been detached from the face of the cliff ina 
comparatively soft state, as in the neighbourhood of Yorktown and 
at other places, become in time so firmly aggregated as to withstand 
the utmost force of the tides and waves, without any other loss of 
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parts than would occur in the case of an ordinary limestone rock. 
This fact of the increased hardness of the material by exposure, has 
not remained unnoticed—and might perhaps, in some cases, be 
turned to useful account. In completing the explanation of this 
cementing process, it may be well to add, that the frequent or peri- 
odical exposure of the moistened mass to the air, is essential to the 
rapid deposition of the cement—as, in the absence of the evapora- 
tion thus produced, the infiltering water might linger long in the 
interstices without depositing the carbonate of lime it had imbibed, 
and for the most part would pass through without leaving behind it 
more than a trace of the matter which it held dissolved. In a word, 
each of these little vacant spaces presents us, in miniature, with the 
same changes, under circumstances strikingly analogous, as are dis- 
played on so imposing a scale in the interior of some of our great lime- 
stone caverns, where the water that has descended through the rock, 
exposed to evaporation, on meeting with the air, deposits the cal- 
careous matter it had dissolved, in a thousand beautiful and-fantas- 
tic forms. 

Another feature of these fragmentary beds, plainly indicating an 
agitated state of the waters during their deposition, is the oblique 
and varying directions in which the layers of fragments are laid one 
upon the other, while the stratum, viewed as a whole, is nearly hori- 
zontal in its position. Its component parts are arranged in their 
parallel bands, frequently at a high angle to the bounding surfaces 
of the bed, and by a similar cause, those of a higher or a lower bed 
are made to present an inclination in the opposite or some different 
direction, as if successive currents moving towards different points 
had dropped these fragments upon sloping surfaces, and thus adding 
layer upon layer, all preserving the original inclination, had gradu- 
ally completed the stratum to its upper level. 

As already stated, these fragmentary beds are not confined to the 
eastern margin of the plain, but are also found, though in far less 
extent, at various points approaching its western boundary. 

Though frequently found, as indicated in the column, with a 
stratum of yellowish marl between them and the blue, they are 
sometimes seen resting on that stratum, in a line whose undulating 
and broken contour plainly indicates the violence that accompanied 
their formation, and conveyance to the spots in which they are ac- 
cumulated. In fact, these fragmentary beds. can only be regarded 
as the worn and broken remnants of the lighter coloured marls over- 
lying the blue, sometimes usurping the place of the original strata 
which have been washed away to furnish the materials of which 
they are composed, and sometimes occupying the place of the upper- 
most of these strata, and resting on a layer which had escaped the 
destroying actions experienced by those above. 

As might be inferred from its being of later formation than 
either of the other beds, and therefore higher in position in the se- 
ries, as exhibited in the column, this marl is the first that shows it- 
self as we ascend the James river. Spread out extensively in Eliza- 
beth City county on the opposite side of the river, its most easterly 
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exposure on the south side is at the mouth of Bennett’s creek, a 
tributary of Nansemond river. Here it is seen nearly on a level 
with the water, but ascending this river, and therefore going slightly 
west, its southeastward dip causes it to rise to a greater and greater 
height, until the yellow marl appears beneath it, and as it still con- 
tinues to rise, the blue comes into view beneath the yellow. From 
this, the line of its first exposure, it spreads out towards the west 
and north, forming the upper stratum in most of the exposures 
near the James river between Nansemond river and Pagan creek, 
displaying itself on and near the surface in the vicinity of Smithfield, 
and terminating at Day’s Point. As measured on and near the 
James river, therefore, its breadth would include the distance be- 
tween the meridian’s passing through Bennett’s creek, and the last 
exposure of it at Day’s Point, being about 9 miles. But as we trace 
it towards the south, we find it rapidly contracting, so that at Suffolk 
only a narrow band of it remains. 

Throughout the middle and nearly all the western portions of 
the Tertiary plain, as already stated, the upper beds, though often 
containing fragments of shells, present no accumulations of frag- 
mentary matter such as have been described. Nor is the broken 
condition of the fossils there met with unaccompanied by those evi- 
dences of long continued trituration in water, and of transportation 
by currents, evinced in the worn and rounded forms and oblique 
deposition of the strata above described. They may therefore be 
reasonably referred to transient causes, while the others would seem 
to be more naturally explained by the tides and currents of the an- 
cient coast line, formerly adverted to as adjvining the eastern mar- 
gin of the higher plain. 

Unlike the lower or blue marl, these yellow or light coloured 
marls are not found to be continuously or even very generally ex- 
panded beneath the Tertiary plain. Along the James river and for 
many miles towards the south, they are of very frequent occurrence ; 
but as we proceed still further south, they present themselves more 
rarely, and for the most part in places remarkable for their elevation 
above the general level of the country. So uniform is this connec- 
tion of the beds in question with the more elevated ground about 
the middle of the tract, that few instances exist in which they are 
met with under other circumstances. 

Thus beneath the high grounds formerly referred to as running 
from Nottoway swamp parallel to the Blackwater river, and along 
the river wherever the banks attain unusual height, the yellow 
marls are found rising in some cases to an elevation of 30 feet above 
the stream, while the blue stratum is seen skirting the base of the 
cliff in a narrow band, or is met with at various points beneath the 
highlands removed from the river. In the similar tract of elevated 
ground lying near and west of the Nottoway river, and extending 
from the neighbourhood of Three creek across Racoon and Hunting 
Quarter creeks, these yellow and light coloured marls are largely 
exposed, presenting a depth sometimes exceeding 20 feet, and rest- 
ing on the blue stratum near the water level. 
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Though thus generally confined to the higher grounds, these 
yellow and light coloured marls are not continuously spread out 
even within these narrow areas, but appear to exist in irregular 
patches, lying nearly at the same level as to their under surface, 
though presenting great irregularity of thickness even in contiguous 
exposures, and often entirely wanting in one locality, while at some 
other place in the same neighbourhood they are met with largely 
developed. : 

This absence of the marls in question from so large a portion of 
the Tertiary plain, together with their occurrence in patches, and 
associated with the higher levels of the country, would seem to 
admit of a natural explanation in the powerful removing or denud- 
ing action of the water as it rapidly poured off from the surface in 
one broad tide at the time of the emergence of this plain from the 
bed of the sea. That a deep channelling of the surface, such as a 
retreating mass of waters might in most cases be expected to pro- 
duce, is not now exhibited over the middle portions of this tract, 
would seem to have resulted from the uniform and gentle inclina- 
tion of the plain towards the southeast, and from the filling up of 
the irregularities produced by the first rush of the waters by the 
sand and other sedimentary materials spread over the surface as 
the mass and energy of the water diminished. It is obvious that 
such an action as here supposed would give a fragmentary charac- 
ter to the upper stratum of the marl in general, and would accumu- 
late the broken shells in heavy beds towards the eastern margin of 
the plain, conditions, both of which we have seen really to exist. 
The same agency too would account for the presence along that 
margin of the coarse gravel which has been described as overlying 
the fragmentary beds, while the constant wearing action of the 
waves along the beach would give a rounded figure to the frag- 
ments of shell, ere they had fairly become consolidated by the 
cementing process formerly described. 

But whatever be the explanation of this discontinuous occur- 
rence of the light coloured marls, the fact of their being placed at 
a nearly uniform level, is not without importance, for though we 
cannot reasonably entertain the contidence of meeting with them at 
any point because of their known existence at some other in the 
neighbourhood, we may feel almost assured that where they do 
occur, the blue stratum lies not far beneath, and where they are 
absent, their general level in the neighbourhood will furnish a useful 
guide as to the depth at which this lower marl may be expected to 
be reached. 

The line of boundary between the blue and upper marls, as in- 
dicated in the figure, is often undulating, and in some points pre- 
sents such strikingly abrupt irregularities, as lead to the presumption 
that some important agitation of the waters intervened locally, if 
not generally, between the deposition of the two. At some loceali- 
ties chiefly near the eastern margin of the plain, fragments of the 
blue are met with in the yellow, and what is still more remarkable, 
fragments of the yellow in the underlying blue, as if soon after the 
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commencement of the yellow marls, some violence had operated to 
intermix the two. At all events, it would seem obvious that during 
the deposition of the yellow and light coloured marls, a different 
condition of the waters must have prevailed, since the earthy mat- 
ters mingled with the shells are so much more largely imbued with 
ferruginous matter, and contain comparatively little of the material 
of organic origin, which occasions the dark colour of the other. 

In many portions of the tract, horizontal strata of sands and 
clays are seen overlying the beds of marl. When the surface of 
the marl is uniform, the lowest of these beds presents the appear- 
ance of having been quietly and slowly deposited upon it, but where 
indications of violence are met with in the top of the marl, the 
materials for some distance above are more or less obliquely strati- 
fied, and seem to have been poured in with some force. The upper 
of these earthy strata are usually arranged in level layers, and would 
seem to have been slowly accumulated in still water, and judging 
from the entire absence of marine impressions in them and the 
occasional occurrence of decayed vegetable matter, may be supposed 
to have been deposited during the inundations produced by the 
rivers, which in the then lower level of the plain must have been 
both frequent and extensive. Perhaps too in many local cases, the 
extensive shallow lakes or morasses that must have then existed, 
contributed to the formation of some of the higher of these beds. 

Covering these horizontal strata composed of fine materials, we 
_very frequently meet with others in which coarse sand and gravel 
are predominant, containing occasionally a pebble of 2 or 3 inches | 
in diameter. These in the middle portion of the tract are chiefly 
met at the highest points—towards the west, they are more ex- 
tensively spread out. As indicated in the column, they often occur, 
filling deep trenches or cavities in inferior earthy strata just de- 
scribed, and sometimes even penetrating below the upper surface 
of the marl. The coarseness of their parts and the oblique and 
‘varying inclination of the layers composing them, indicate the vio- 
lence and suddenness with which they were deposited. In a word, 
they are the diluvium of this region, and refer themselves to the 
same general cause which, after the completion of our formations, 
spread similar materials over nearly every part of the surface of 
the Atlantic states between the mountains and the ocean. 

I have thus endeavoured to present the reader with a brief sketch 
of the limits and subdivisions of our Tertiary formation, as spread 
out in the region south of the James river, and referring as I have 
done at each important step to the physical causes which would ap- 
pear to have been concerned in the production of the various strata, 
whether of marl or earth and gravel, I have been influenced by the 
hope that the picture I was drawing would in this way be rendered 
not only more interesting, but more intelligible and useful. May I 
not further hope, that from the broader views thus exhibited, indi- 

vidual curiosity will be awakened to a more attentive examination 
of the deposits of this region, and that thus some additional practi- 
cal good may be secured. 
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CHAPTER 5, 
Illustrations of the Column exhibiting the order of the Strata. 


As exemplifying the application of a portion of the column, I 
will now refer the reader to the series of strata exhibited at a 
few localities, requesting however that he will bear in mind that 
similar details have been collected at nearly every important ex- 
posure within the district, of which a full account will be given 
along with other interesting matters connected with this region in 
the final report. 

1. South shore of the James river in the neighbourhood of Day’s 
Point and Burwell’s bay. 

From the spot a little above the mouth of Pagan creek, where 
the marl is first seen to emerge from the level of the beach, nearly 
continuous exposures of both the blue and yellow beds are met with 
for several miles, the chief interruption taking place at a marshy 
part of the shore, a short distance from the first appearance of the 
marl. Along this tract the blue stratum presents great undulations 
in height, attaining in some cases a level of 20 feet above the base 
of the cliff, but at all times overlaid by the light yellowish marl. 
This latter is often fragmentary, and cemented at the top, above 
which are layers of clay, varying from a fine and tenacious to a 
sandy and loose texture. Particles of green sand are disseminated 
through the marls, as well as the overlying sandy clays. 

2. In the vicinity of Smithfield on Pagan creek, as well as along 
its tributaries, Smithfield creek and Cypress creek, the light coloured 
and the fragmentary beds are largely exposed, the latter constitut- 
ing the rocks on the lower shore of Smithfield creek, and being en- 
countered in the wells of the village and its neighbourhood. Some 
distance up the two tributary creeks, as at Makefree on Smithfield, 
and Scott’s mill on Cypress creek, the blue marl is met with beneath 
the yellow. Similar remarks will apply to Chuckatuck and Nan- 
semond river, the fragmentary marl making its appearance at the 
lowest or most easterly localities, and as we ascend and bend west- 
wards, the yellow appearing beneath, and eventually the blue com- 
ing into view a little above the water line. These appearances are 
of course irregularly presented in consequence of original undula- 
tions of the strata, as well as the broken or trenched condition of 
the surface throughout this portion of the Tertiary plain. In the 
vicinity of Suffolk and towards the west, the yellow and blue marls 
are observed at numerous points in the same relative positions, and 
abounding in the Mactra Modicella in beautiful preservation. The 
fragmentary layer disappears a short distance towards the west of 
the village, and the overlying beds consist of fine sands and clays 
containing very few pebbles and horizontally stratified. 

3. On the Blackwater from M’Clenna’s bridge northwards both 
varieties of marl are very frequently met with in the river banks 
and the contiguous ravines, and though less frequently exposed 
along the upper portion of the stream, as it penetrates Prince George 
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and divides Sussex from Surry county, are still disclosed wherever 
natural sections of sufficient depth exist. 

Just below where Burk’s swamp empties into Blackwater, a high 
hill, which is part of the ridge formerly spoken of, bounds the river 
on the Southampton side, presenting at some points an elevation but 
little short of 50 feet, of which more than thirty are made up of the 
two marls. Here, wherever the face of the bank is open to inspec- 
tion, the underlying blue stratum is found rising a few feet above 
the river level. It contains a variety of shells, the little Mactra be- 
ing the most abundant. Above are the beds of yellow and brownish 
marls, the lower being a bright yellow clay full of this Mactra, 
the upper a yellowish brown sandy clay, containing the Mactra 
largely mingled with other shells. The top of the marl is undu- 
lating, and covered with layers of sand and clay, generally of fine 
texture. 

4. On the Nottoway, from a little below Monroe to the neighbour- 
hood of Carey’s bridge, the blue marl is exposed at various points, 
but rarely if ever accompanied by the yellow. As already men- 
tioned, it is found still lower down the stream, to some distance be- 
yond the state line, beneath the water level in the bed of the river. 
Above Three creek, where the river adjoins the high grounds for- 
merly referred to, both varieties of mar] are seen. 

On the estate of colonel Blow, about 14 miles below Peter’s 
bridge, these hills bordering the river present an elevation of about 
50 feet, of which 25 consist of the yellow and light coloured marls. 
The upper portion of the marl is ferruginous and tenacious, and 
rich in the little Mactra, containing also concretionary nodules 
marked with impressions of this shell, and occasionally including 
small crystals of selenite or gypsum. Beneath this the marl is of a 
greenish grey colour, derived evidently from the numerous grains of 
green sand dispersed through the mass. These, with a rather coarse 
white or yellowish sand, constitute the chief material in which the 
shells are enclosed. <A great variety of species is here presented, 
shewing a more perfect state of preservation as we approach the 
level of the blue marl, which at low water is visible along the mar- 
gin of the stream. The beds capping the marl are fine pipe clays 
and sands. 

5. On the Meherrin, a little inland, about one mile south of the 
state line near Flat swamp, both varieties of marl, abounding in the 
Mactra, are met with on the estate of Mr. Wood, but along the river 
higher up, the blue marl is almost the only one exposed until we 
pass Dupre’s bridge. About 3 miles above this point, on the estate 
of Mr. Ivy, the river presents a section of about 20 feet, the upper 
five or six of which consists of light indurated sandy clay, below 
this a compact white sand, from 4 to 5 feet thick, containing near 
the bottom numerous impressions of shells—below this a very hard 
ferruginous layer, 2 to 3 feet thick, filled with similar impressions— 
and beneath this a yellow sandy clay abounding in the little Mactra 
and a small turreted shell, both in a very soft condition. Lowest of 
all is a bluish mixture of sand and clay including a great variety of 
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shells. This continues to the water’s edge and forms the bed of the 
river. 

The localities above enumerated and briefly described have been 
selected remote from each other, and lying upon the principal 
streams, with the view of illustrating the statements formerly made 
as regards the continuity of the blue marl, as well as of shew- 
ing the true order in which the various beds are arranged, wherever 
the localities are of sufficient elevation to present a section of the 
whole of the Miocene strata. The reader will at once perceive the 
unvarying order of their position as above described, and its corre- 
spondence with that represented in the column, and is desired to 
bear in mind that no violation of that order has yet been observed 
in any of the numerous localities that have been minutely exam- 
ined. He should also remember that while the blue marl, expand- 
ing in thickness as it spreads west and north, becomes gradually 
mingled with the grey overlying marls, the distinctly yellow mar] is 
rarely seen, having, as formerly indicated, been probably swept 
away, excepting in those higher positions where it is now almost 
exclusively to be found. 


CHAPTER 6. 


Of the causes of the peculiar Colours of the Blue and Yellow Maris. 


As will readily occur to the reader, the yellow marls owe their 
hue to an intermixture of oxide of iron, which even in the small 
proportion in which it is mingled with the other matters of these 
beds, is capable of imparting a bright ochreous yellow, or a deep — 
brownish tinge. The source of this ferruginous matter so generally 
present in the upper marl beds, as well as in the clays and sands 
which rest immediately upon them in numerous places, is for the 
most part to be sought for in a peculiar condition of the waters at 
the time in which these beds were forming, and not in the penetra- 
tion of ferruginous matter from the overlying diluvium. Such a 
condition would naturally result from the extensive prevalence of a 
turbid state of the sea, like that so often witnessed in the waters of 
the James river, when heavy rains have conveyed into them the red 
earthy matter met with so extensively on the surface of that por- 
tion of the state lying between the head of tide and the Blue Ridge. 

It is true that some of the strata lying near the surface, would 
seem to have derived their brownish ferruginous stain from the in- 
filtration of water charged with a particular compound of iron from 
above. But in such cases it will be remarked, that the shells have 
been either in part or totally removed, leaving in the stratum, once 
rich in calcareous matter, little more than the mere prints or im- 
pressions of the fossils; and this condition, not unfrequently ob- 
served in the Tertiary district of which I am treating, is as often 
remarked of the blue as the light coloured marls, being in a great 
measure dependent upon the proximity of the bed of fossils to the 
overlying acid and astringent clays and sands. But the bright yel- 
low and ferruginous marls now referred to as forming the higher 
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beds in the series, retain their fossils in as perfect a condition as the 
blue marls beneath them, and have evidently not been subjected to 
the dissolving action of infiltering copperas (sulphate of iron), but 
-have received the ferruginous colouring matter, in the state of a 
sediment, from the waters in which the strata were forming. 

The blue marls differ from the former chiefly in containing little 
or no iron, and in being impregnated to a greater extent with matter 
of organic, probably animal origin. Both varieties exhale by heat- 
ing, a perceptible amount of carbonate of ammonia—and the blue 
becomes of a dark, nearly black, tinge, from the quantity of carbon- 
aceous matter (charcoal) which is developed by the imperfect com- 
bustion. The same change though in a much less striking degree 
takes place also in the yellow. ‘This greater prevalence of what ap- 
pears for the most part to consist of animal matter, seems to be 
naturally explained by the deeper position of those strata—since in 
virtue of such a position they would receive by infiltration from the 
upper beds a portion of the animal matter derived from the decay- 
ing shellfish of those beds, which would be added to that originating 
from like decompositions in the blue mar] itself—while the yellow 
marls thus robbed of a portion of this ingredient, would be without 
the means of replacing it from above. 

Whatever be the canse of the difference in question, it is far 
from improbable, that if the fact of its existence prove as general 
as I have reason to believe it is, a sufficient explanation will be 
thereby furnished of the superior efficacy of the blue marls as ma- 
nures, of which a very general impression is prevalent throughout 
the southern portion of this tract. It is true the amount of organic 
matter present in any of them is very small, but it should be borne 

‘in mind that in the application of stable manures to fields, the quan- 

tity per cent. added to the soil is very inconsiderable. Moreover 
the carbonate of ammonia, one of the exhalations from the manure 
heap, is an agent of considerable power, and this, though in very 
minute quantity, is certainly present in the marls in question, and 
capable of being removed by water as well as given off at a gentle 
heat. 


CHAPTER 7. 


Amount of Carbonate of Lime in the Marls. 


In looking over the following table of the per centage of carbon- 
ate of lime contained in the various specimens of marl enumerated, 
it will be seen that while great differences prevail among them as to 
the amount of this ingredient, in no instance is its quantity so small 
as to furnish a reason for omitting to apply the marl, on the plea of 
its probable inefficacy, as a manure. In comparing the value of 
these materials, as regards their more immediate effects, all who 
have had experience in their application to agriculture, are aware 
that the poorer marls are often productive of as much or even greater 
benefit than the rich, when through the softer texture of the shelly 
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matter they contain, they are more easily spread with uniformity 
upon the land. 

The rocky marls, some of which are as rich in carbonate of lime 
as ordinary limestone, are nevertheless but little likely to produce a 
striking improvement when first applied, though as they are slowly 
resolved into smaller fragments, they will scarcely fail to give rise 
to a permanent and increasing amelioration of the soil. Fortunately 
for a large portion of this district, the blue marl, which from its 
more general distribution, will be chiefly looked to as a means of 
agricultural improvement, besides containing in most localities a 
very adequate amount of calcareous matter, and having perhaps 
other advantages already gianced at, includes comparatively few 
shells of large size, and of a texture to resist for any considerable 
time, the action of the atmosphere and rain and frost. The little 
Mactra so often mentioned before as largely predominant in the upper 
and more accessible beds of this marl, readily falling to pieces and 
mingling in fine fragments with the soil, seems particularly adapted 
for prompt and efficient operation on the land. So also the Chama, 
a small rugged shell, conspicuous in the greyish and greenish maris, 
towards the middle and western portions of the tract, especially in 
the neighbourhood of the James river, though more resisting than 
the Mactra, is already sufficiently small to admit of an even distribu- 
tion on the surface, and cannot long withstand the decomposing 
agencies to which it is exposed. 

In reference to the subjoined table, it is scarcely necessary to 
add, that as well as could be judged, the specimens selected for 
analysis in these and previous instances, have been taken as pre- 
senting the average character of the bed, wherever extensively ex- 
posed. Including the sixty Miocene marls reported on at a former 
time, the whole number of these marls from the south side of the 
James river, which have been thus far analysed, amounts to no less 
than one hundred and ten, and the entire number thus examined, 
since the commencement of the survey, some of them not yet re- 
ported on to the public, is upwards of 250. While indulging no ex- 
aggerated ideas of the importance of these numerous results, but 
regarding them as occasionally furnishing a guide in the application 
of our marls, I may be indulged in saying what I am confident 
would be found true, that so large a body of chemical results of this 
kind, has not, up to this time, been presented to the agriculturists of 
any other quarter of the globe. And in conclusion, I would add, 
that a large additional series of such analyses are yet to be made, 
embracing marls from numerous localities in other parts of our 
Tertiary region, as well as some remaining points in the district 
south of the James river. Towards this object, as it is impossible, 
either in person or through my assistants, to visit every marl bed in 
the state, I would ask such persons as are interested in these results, 
to reserve specimens of their marls, which if not obtained in the 
course of further explorations, will reach me by being transmitted to 
Richmond, to the care of the Board of public works. 
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SECTION IIf. 
SOUTHERN DISTRIOT EAST OF THE BLUE RIDGE. 


CHAPTER 1. 


Plan of Exploration—General Geology. 


The explorations in this region have been carried on by making 
numerous local as well as many prolonged sections, traversing each 
county usually in several lines transverse to the range of the rocks, 
and by tracing the more important strata longitudinally between 
these sections. As yet, these minute enquiries have not been car- 
ried in an easterly direction beyond a line drawn about midway 
through Halifax, Charlotte, Prince Edward and Cumberland coun- 
ties, although several exploratory sections have been carried to the 
eastern verge of this district where it adjoins the Tertiary marl. In 
conducting these enquiries, particular attention has been given to 
the numerous bands of oblong patches of limestone presented at 
various points, as well as to the beds of rock of a different descrip- 
tion, suited for architectural or other uses. The deposits of iron 
ore, some of which are of important extent and favourably situated 
for manufacturing purposes, together with the veins or beds contain- 
ing other minerals of economical or scientific value, have also been 
subjects of very special examination. A minute investigation has also 
been made of the rocks constituting the tracts. In addition to these 
points of more particular research, minute enquiry has been directed 
to the interesting tracts in Pittsylvania, Halifax, Campbell, Prince 
Edward, Cumberland, Buckingham and Nelson counties, occupied 
by a series of strata consisting chiefly of red shales and sandstones, 
hereafter to be described under the title of the middle secondary 
formation, determining as accurately as possible the boundaries of 
these tracts with a view to their representation on the map, carefully 
examining from point to point the strata of which they are com- 
posed, and more especially scrutinizing the indications wituessed at 
numerous localities, from which have been derived the hope of find- 
ing valuable deposits of coal in the rocks of this formation. 

Of the large mass of information thus collected, a brief outline 
will be now presented, embracing such details and general results 
as may serve to illustrate the progress of our operations in the dis- 
trict under consideration, and as an accompaniment to this sketch 
likely to be useful to such as are unacquainted with the terms by 
which the numerous varieties of rocks and minerals met with in this 
region are properly to be designated, I will in the first place intro- 
duce a description as familiar as possible of the more important of 
these varieties, according to the names by which in scientific lan- 
guage they are respectively known. In entering on this description, 
it may not be inappropriate to observe, as bearing upon a common 
misconception as to the utility of these learned technicalities, as they 
are sometimes called, that of the necessity of some such special des- 
ignation for each peculiar mineral, mixture or compound, no doubt 
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can be entertained when it is considered that in the common lan- 
guage applied to these objects, materials of very opposite character 
and composition are confounded; as, for example, granite and gneiss 
with sandstone, mica slate with soapstone, and ores of iron with 
those of silver, lead or gold, and that in different districts, the same 
material is often called by different names; and when it is further 
borne in mind, that in a multitude of cases minerals and rocks have 
received no common name, although from their peculiarities of com- 
position and use, they are entitled to some specific appellation. In 
a word, the technicalities of science in these particulars are equally 
necessary with those of the workshop, the warehouse, the plantation 
or the mine, because they equally refer to the peculiarities of ob- 
jects, to each of which, as matter of convenience, it becomes neces- 
sary to appropriate a particular name, distinguishing it from the 
others. 

The greater portion of the district in question is occupied by 
rocks of a very ancient geological date, for the most part appertain- 
ing to the class called primary—some of these occurring in irregular 
masses or prolonged beds, consisting of materials having a crystal- 
line structure, are destitute of any regular stratification, and incapa- 
ble of being subdivided into uniform layers. These, from their-anal- 
ogy to undoubted igneous products of ancient as well as modern 
' formation, geologists would with one consent refer to an origin de- 
pending on the agency of subterranean heat. Others also presenting 
the crystalline structure, though with far less of distinctness, are 
regularly stratified, and more or less divisible into thin layers or 
sheets, while others again with much less, and often with but little, 
of this structure in their parts, exhibit the stratified arrangement 
and the slaty lamination in a very remarkable degree. To both of: 
these varieties, which in the language of some geologists may be de- 
nominated metamorphic rocks, would be ascribed an origin due in 
the first place to the deposition from water of the materials compos- 
ing these rocks in the stratified form they now present, and in the 
second to the modifying agencies of heat and other causes, impart- 
ing more or less of a crystalline character to the materials thus 
brought together, and in a greater or less degree obliterating the 
original structure of the mass. Thus, while the rocks of the first of 
these varieties bear no evidence either in their composition or struct- 
ure of any agency but that of heat being concerned in impressing 
the characters they now display, those of the two latter give intrinsic 
indications that aqueous and igneous causes in succession bore each 
a part in the formation of the strata as they now appear. 

Besides the classes of rocks just mentioned, in which are included 
a great variety of mineral compounds, there occur in this region two 
others, one a rock of exclusively igneous production, and remarkable 
for being frequently found in lines or ridges more or less transverse 
to the adjacent strata, and from this as well as other reasons, judged 
to have been intruded among them in a molten state after their con- 
solidation, filling the fissures created by the subterranean movements 
accompanying the intrusion, the other consisting of materials col- 
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lected in the form of sediment by the action of water, and excepting 
in a few instances where invaded by the before mentioned igneous 
rock, exempt from the usual indications of the modifying effects of 
subterranean heat. The former are the trap rocks of this region, 
the latter the group of sandstones, shales, &c. hereafter to be de- 
scribed under the title of middle secondary rocks. These last are 
the only mineral masses in the region, in which animal and vegeta- 
ble impressions are to be found, and as hereafter will be seen, are 
composed in part at least of the fragments, and as it were, sweep- 
ings of the unstratified and metamorphic rocks above referred to. 
Hence obviously they are of later date than these, but at the 
same time lay claim to a higher antiquity than that of the trap 
rocks by which in many places they have been penetrated from 
beneath. 


CHAPTER 2. 


Mineral characters and contents of more important Rocks. 


The following description of the mineral characters and contents 
of the more important rocks, whether purely igneous, metamorphie 
or sedimentary, found in this and other corresponding parts of the 
state, will, it is hoped, be useful in preparing the reader, not yet ac- 
quainted with the names and characters of these rocks, for under- 
standing clearly the full development of the investigations in this 
extensive portion of our territory, to be published at a future day, 
and taken in connection with the accompanying:sketches of the sev- 
eral tracts more particularly occupied by each variety of rock, may 
serve to convey some practical knowledge of the geology of the dis- 
trict now more especially in view. 


1. Quartz. A simple or unmixed mineral composed of pure 
silex, or the earth of flints. Clear white sand, if sharp grit, is nearly 
pure quartz in a divided state. Chemically, it is called sélez or silica, 
and a rock or earth in which it abounds is called siliceous. Quartz 
is often met with in nearly or quite transparent crystals, terminated 
when perfect by pointed pyramids of six sides. It is often called 
flint rock, and when crystallized, diamond rock, from its transpar- 
ency and its power of cutting glass. In almost every portion of our 
primary region, as well as in other parts of the state, this mineral 
may be found either in crystals or in beds or veins, in which latter 
forms it is less pure and transparent. It is chiefly in these veins or 
beds that the gold ore of this region has been found. The rock in 
such case is called auriferous quartz. Common clay consists of this 
comminated or subdivided quartz, blended with alwmina or pure 
clay, of which pipe clay is an example, according as the one or the 
other predominates. The mixture is called siliceous or argillaceous 
clay, the latter term being formed from argile, synonymous with 
alumina. So also many rocks are termed siliceous or argillaceous, 
from their composition in this respect. Quartz or silex and alumina 
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form the principal constituents of rocks taken in the aggregate, and 
of the two, silex is the more abundant. The same is true of soils in 
general, which in regard to their mineral nature, are but decom- ~ 
posed or pulverized rock, 


2. Ferspar. An unmixed mineral, very abundant in rocks. It 
is white, yellowish, flesh coloured, and of other hues, rarely trans- 
parent, and when so, called glassy felspar. Its crystals form the 
opaque white portion of common granite, which is often seen to 
decompose by exposure to the weather into a white smooth powder, 
resembling the finest chalk. This powder constitutes porcelain clay, 
and is found very abundantly in the neighbourhood of decomposing 
felspathic rocks. Numerous localities of this clay are met with in 
the primary region, among which may be mentioned a belt passing 
through Prince Edward and Cumberland counties, a little east of 
their court-houses. 

As might be expected, wherever this mineral in a decomposing 
state abounds, a tenacious clayey soil is the result. The principal 
ingredients of common Felspar are silex, alumina and potash—but 
there is a variety called Albite, from its peculiarly white colour, in 
which soda takes the place of the potash. This is the more liable of 
the two to decomposition. While undergoing this change, they lose 
their potash and soda, which are carried off by the pervading moist- 
ure. Owing to the presence of these alkalies, Felspar is capable of 
being fused into a kind of glass. Hence the impropriety of select- 
ing for hearth-stones for furnaces, as has been done in some in- 
stances in this state, granite or any other rock in which there is 
Felspar. The residuary clays from which the potash and soda have 
been removed, may be used in their crude state for the manufacture 
of jire-brick. 


3. Mica. An unmixed mineral having a shining silvery surface, 
and capable of being split into very thin elastic leaves or scales. In 
common with some other minerals resembling it, it is vulgarly called 
Isinglass. It constitutes the shining part of granite, and when by 
the falling to pieces of the rock, caused by the decomposition of the 
Felspar, it mixes with the earth, its innumerable glistening scales 
are the mark of what is called an dsinglass soil. It is of various 
aspects, transparent, green, black, silvery, golden. When perfect, 
the thin scales are regular six sided figures. It is one of the most 
indestructible of minerals by ordinary natural agencies, being found 
in the sands of the Tertiary formation, though to have reached such 
a position it must in many instances have passed through the suc- 
cessive stages of the secondary formation after its first separation 
from the primary rocks of which it was originally a part. The 
principal ingredients of Mica, are silex, alumina, potash and oxide 
of iron (or iron rust). In many rocks the scales of this mineral are 
arranged in layers, and thus impart to the mass the property of 
being readily split into slabs in the direction of these layers, Many 
superior varieties of building stone contain much Mica. 
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4. Taro. An unmixed mineral, bearing a strong resemblance to 
Mica, but distinguished from it by its want of elasticity when divided 
into thin layers, by its being readily scraped with the nail, and by 
the smooth and soapy feel of its surface—from which last property 
rocks containing much of it are not unfrequently called soap stone. 
Its most usual colours are various shades of green. In composition 
it greatly differs from Mica, consisting chiefly of silex and magnesia. 
This mineral is present in many of the rocks of our primary region, 
particularly such as have a slaty character. It is found in erystal- 
line plates of a bright green colour, at the Folly in Amherst county, 
and in other localities. 


5. Hornstenpre. An unmixed mineral of a dark green or black 
colour. Found in small slender crystals closely compacted together, 
or in crystals of amore granular form. It is the ingredient that 
gives the dark colour to many of the primary rocks, and to trap; 
and being much denser than either of the preceding minerals, im- 
parts to these rocks their superior weight. When decomposed, it 
usually forms a soil of a deep red colour, always remarkably produc- 
tive. The black sand so common in the neighbourhood of Horn- 
blende rocks, is in part composed of the unchanged granules of this 
mineral. Hornblende is composed chiefly of silex, alumina, lime, 
magnesia and oxide of iron. To its lime, which sometimes amounts 
to 14 per cent., and in some measure also to its magnesia, may no 
doubt be ascribed the peculiar fertility of the soils it produces. 
From its weight and greenish colour, as well as from the occasional 
occurrence of a little copper with it, Hornblende is often mistaken 
for an ore of that metal. 


6. Eprporr. An unmixed mineral, sometimes crystallized in 
slender diverging crystals, sometimes in grains of various shades of 
green and yellow, but as found with us usually of a light green, 
harder, and a little more ponderous than Hornblende. Like that 
rock, when decomposed, it forms a soil of a deep red colour, and, 
if any thing, more fertile. The red lands of Albemarle, and parts 
of Nelson and Campbell counties are due to this rock and Horn- 
blende, but chiefly to this. It contains the same ingredients as 
Hornblende, wanting the magnesia, and having more lime and alu- 
mina, the former sometimes amounting to 24 per cent. The red 
colour of the soil, derived from both these minerals, is due to the 
large proportion of oxide of iron they contain, sometimes amount- 
ing to 30 per cent. 

This mineral forms the principal ingredient of the hard, light 
green rocks of the Blue Ridge, Southwest mountain and Green 
mountain, and of various minor ridges within a belt of about 20 
miles east of the Blue Ridge, and is often found in those rocks in 
groups of delicate crystals. This also in some cases has been mis- 
taken for copper ore. 


7. Curorire. An unmixed mineral, of a leek green or blackish 
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green colour, composed of minute scales of an earthy texture. It 
has the greasy feel of Talc, though in a much less degree, and may 
generally be distinguished from that mineral by not being separable 
into layers of such extent, and-by its much more earthy appearance. 
Its ingredients are silex, alumina, magnesia, potash and oxide of 
iron—agreeing very nearly in composition, as it does strikingly in 
colour, with the substance found in New Jersey and in lower Vir- 
ginia called green sand. There seems also reason to believe that it 
resembles the green sand in its fertilizing effects, for in the soil of 
the Green spring lands of Louisa county, and a similar belt in Buck- 
ingham, remarkable for the greenish aspect of the land, much Chlo- 
rite is disseminated. 

_ This mineral is much less abundant than those previously men- 
tioned, and occurs with us chiefly in a species of Gneiss, in the 
districts just named. 


8. STEATITE, (a pure variety of soap stone.) An unmixed min- 
eral, of various shades of grey, white, green, vellow, &c., of which 
grey and white are most usual, the colours generally arranged in 
spots or blotches, easily cut, somewhat greasy to the touch, not in- 
clined to split in thin layers. It closely resembles Tale in appear- 
ance and properties, and, like that mineral, consists almost entirely 
of silex and magnesia. As is well known, soap stone is extensively 
applied in the arts, and for domestic uses, owing to the readiness 
with which it may be wrought into any required form, and its du- 
rability under an intense heat. As Talc and Steatite pass into one 
another by insensible gradations, much of the soap stone used is Tal- 
cose as well as Steatitic. This rock occurs in our primary region, 
at many points, in considerable extent, and of a quality to fit it for 
serviceable use. 


9. Sonort. An unmixed mineral, of a black colour and glassy 
surface. It is usually met with in the form of long erystals of about 
the thickness of a quill, maintaining the same thickness from end. 
to end, and having from three to nine sides. When embedded in 
Quartz rock, as commonly found, its shining surface and its form 
render it very easy of recognition. It occurs at numerous points in 
Mecklenburg, Lunenburg, Amelia, Buckingham, &e., and is particu- 
larly abundant in the latter county in the neighbourhood of Willis’s 
mountain. Its principal components are silex, alumina and oxide 
of iron. Specimens have been sent tu me under the belief that it 
was anthracite coal. 


10. Kyantre. An unmixed mineral, of various shades of blue 
blended with white, the blue and white often presented in veins on 
the same specimen. The figure of the crystal thin, broad and flat. 
It is hard enough to scratch glass. The crystals oecur closely 
grouped together, and crossing or standing on each other. It is 
composed of silex and alumina, and is a heavy mineral, being more 
ponderous than Hornblende. Willis’s mountain is a remarkable 
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locality for this mineral, presenting it in great abundance, and of 
various hues. 


11. SurpHatse or BaryTa. A mineral usually of a white or yel- 
lowish white colour, sometimes crystallized, sometimes finely gran- 
ular, in the former case slightly transparent, in the latter opaque. 
It is readily distinguished by its great weight, being even heavier 
than most iron ores. In the compact granular form it is readily cut 
by the knife, from which property, as well as its colour, it has been 
mistaken for gypsum, and actually ground and applied to the soil. 
Its weight is nearly twice as great as that of gypsum, which would 
alone serve to prevent their being confounded. The chief use of 
this material is as a white paint, for which it is largely consumed, 
particularly in mixture with white lead. 

Numerous small, and some abundant localities of the Sulphate 
of Baryta are known in the southern district, among which may be 
cited the ridge between Beaver and Opossum creeks near Lynch- 
burg, and Bore Auger mountain in Bedford county. It a!so occurs 
in considerable quantities in Fanquier county. 


12. Garnet. A mineral of a red, yellowish red, or brown col- 
our, occurring in crystals varying in size from a pin’s head to several 
inches in diameter. It is remarkable for the beautiful regularity of 
its form, and the number of its faces or surfaces, which varies from 
12 to 24. By the uninformed a perfect crystal would certainly be 
pronounced the work of art. Its constituents are silex, alumina, 
lime and oxide of iron, the lime 20, the ox. iron 16 per cent. From 
the large quantity of lime present, it is a comparatively fusible min- 
eral, and hence some rocks in which it abounds may be used as an 
auxiliary flux for iron ores, having the additional advantage of 
themselves furnishing a considerable amount of iron. It occurs in 
some of the primary and metamorphic rocks very abundantly, and 
is met with in the southern region, particularly in rocks of the lat- 
ter class in numerous places. The neighbourhood of New Canton 
2 aie Sen county, may be mentioned as an interesting lo- 
cality. 


13. Granite. An unstratified or igneous rock generally found 
inferior to or associated with the oldest stratified and metamorphic 
rocks, and sometimes penetrating them in the form of veins, and of 
dykes or walls rising in the midst of them. The common varieties 
of granite consist of quartz, felspar and mica, the first being the 
transparent, glassy ingredient, the second the white or pinkish mat- 
ter disposed to crumble, the last the shining ingredient in plates or 
seales. All these materials are crystalline and entirely exempt from 
indications of the wearing action of water. When the granite is 
coarse, the constituent minerals are very readily distinguished from 
one another by the naked eye, but in the varieties of a fine texture 
the microscope is sometimes necessary. Rocks of the latter descrip- 
tion are not unfrequently confounded with sandstone, and called by 
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that name. In the latter, however, the grains of quartz are always 
more or Jess rounded or water worn, and when present the felspar 
is in a decomposed state, and the mica has lost its regular six-sided 
form. Talc and hornblende sometimes take the place of felspar and 
mica, and are sometimes present in addition to the other ingredients, 
A true unstratified granite, though extensively displayed in some 
parts of our southern district, is by no means of common occurrence. 
As an example of it, I would cite the belt of whitish, hard, solid 
rock, extending from a short distance east of Little Falling river in 
Campbell county with a breadth of between one and two miles 
across the Staunton river in the neighbourhood of Brookneal. 


14. SrenirE, is the name given to those varieties of granite in 
which the mica is nearly or entirely absent, or is replaced by horn- 
blende, and in which the felspar is relatively abundant. It occurs 
in almost every variety and at numerous places throughout this 
region, embedded generally in the rock next to be mentioned. At 
Collin’s ferry, Buffalo cr. and Whipping creek in Halifax and Camp- 
bell counties, a valuable variety is found composed of light or flesh 
coloured felspar, black hornblende and some quartz, but no mica, 
It is hard, permanent, with no disposition to decomposition, and 
occurs in large solid masses, seen projecting above the river and 
extending for some distance both above and below the ferry. It is 
here quarried for millstones, formed of a single piece, and is called 
mill stone grit, a name properly belonging to a sandy rock contain- 
ing water worn pebbles. 

On the James river, four miles above Greenway, near Harris’s 
branch, there occurs in the bank a little away from the canal a body 
of dark sienite or sienitic trap in large irregular or globular masses, 
which are quarried for locks and culverts in this vicinity. Lhe rock 
is composed of dark green hornblende and white felspar, both dis- 
tinctly crystallized, and forms an admirable building stone easily 
dressed. The tendency to a globular form which these masses ex- 
hibit is very distinct and remarkable. This belt of sienite is of con- 
siderable breadth, and extends both ways in the general direction 
of the river for many miles. Other localities need not at present be 
specified. 


15. Gneiss. A stratified rock composed of the same materials 
as granite, having a laminated texture. Usually, it has a much 
larger proportion of mica and less felspar than granite. It admits 
of numerous varieties in which hornblende, garnet, kyanite, &c. are 
more or less abundant. The rocks of this description are among the 
most common occurring in the southern district, and the continua- 
tion of the same region across the state. Owing to their stratified 
structure, many of these varieties admit of being quarried out in 
large and uniform slabs, the faces of which in many cases are thickly 
spangled with scales of mica. Gneiss rocks are in extensive use as 
building materials in nearly all the Atlantic states. In the southern 
district, they have been quarried below Columbia, and between that 
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point and Lynchburg, and at various other places, both for public 
and private constructions. 

The quarry immediately east of Columbia is situated in a hill 
from which a large amount of rock has been removed, principally 
for the construction of the aqueduct across the Rivanna river. The 
rock is here a grey granitic gneiss composed of thick beds, rolling 
from a nearly horizontal position to various directions of dip, the 
predominant of which as seen in the quarry is NW. The hill, 
viewed as a whole, presents an instance of globular concentric con- 
struction on a large scale, the layers of rock from 2 to 6 feet in 
thickness, appearing to be arranged in the form of successive shells, 
one upon another. This, which is a common feature in granite, as 
well as trap rocks, and seems referrible to the effects of heat, does 
not mark the true stratification of the rock, which in the present 
instance, though almost obliterated, would seem to have originally 
been in planes dipping to the SE. This in general is the direction 
in which the plates of mica lie in the rock, from which results the 
further peculiarity, that when we stand upon the undisturbed beds 
at the quarry, the edges of these plates only being exposed, the rock 
presents a light grey colour, but when we view a surface exposed 
by the transverse fracture, it presents innumerable black shining 
scales of mica. 

A similar rock occurs extensively on the opposite side of the 
river in Cumberland county, where it has been largely explored in 
three quarries. In fact, all these quarries may be regarded as mark- 
ing the general position of a wide but variable belt of grey granitic 
gneiss extending for many miles both to the north and south of the 
James river. 

Without attempting at this time to enumerate localities, or*to 
enter into details in regard to this rock as examined at a great num- . 
ber of places, I will briefly allude to a few of the belts or bands of 
it which have been traced. 

The rocks in the neighbourhood of Halifax C. H., and in a belt 
of country extending thence through Charlotte C. H. into Prince 
Edward county, are for the most part of this description. They 
contain much felspar, and are in general decomposed to some depth, 
forming a stiff clayey and sometimes gravelly soil, which is not pro- 
ductive, bands of hornblendic sienite occurring in various parts of it, 
as, for example, about Charlotte C. H., impart as usual a red tinge 
and more fertile character to the land. A short distance from Hali- 
fax O. H. on the road to Danville, this rock is boldly exposed im- 
mediately at the road. It is a dark grey gneiss, containing much 
felspar, and presents a striking instance of the penetration of such 
rocks by veins of igneous material. The two larger of these veins, 
consisting of felspathic granite, may be traced for many yards, and 
are seen crossing each other without any disturbance at the points 
of intersection, the smaller composed almost entirely of felspar in 
traversing the former, have occasioned a displacement of their op- 
posite or corresponding parts, so as to shift the vein about two 
inches aside from its former direction, indicating by this the occur- 
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rence of two successive intrusions of the igneous matter, tle latter 
attended with the production of fissures crossing and displacing the 
veins previously introduced. 

Near Danville another belt of gneiss of similar composition is 
seen crossing the river above the bridge, forming the great falls, 
and extending northwestwardly, or in the direction of its breadth 
about a mile. This belt continues through Pittsylvania and Camp- 
bell counties. 

A wide belt of micaceous and felspathic gneiss traverses Albe- 
marle, Nelson, Amherst, Bedford, Franklin and Patrick counties, 
presenting frequent beds of granite and sienite, the latter more 
largely developed in proceeding towards the southwest. This zone, 
including the county seats of all these counties, extends on either 
side over an area of variable breadth, but sometimes reaching nearly 
to the Blue Ridge. 

In all these belts of gneiss, much variation is observed in the ma- 
terials of the rock as exhibited at different places. Hornblende, 
talc, chlorite, kyanite, and other minerals occurring incorporated 
in the mass. Where the first is present in marked proportion, 
forming a hornblendic gneiss, the soil, as might be expected, is of 
a red colour, as may be seen in the vicinity of Nelson and Amherst 
courthouses. The chlorite, as already noticed, gives a greenish 
tinge. 

“It should here be remarked, that in many varieties of gneiss dis- 
played throughout this region, a very marked amount of sulphuret 
of iron (iron pyrites) exists in the form of brilliant crystals dissemi- 
nated through the mass. This, as a general rule, impairs the dura- 
bility of the rock when used as a building material, because of the 
readiness with which these crystals are decomposed by the atmos- 
phere, and the softened condition of the mass they thus induce. 
Such rocks, however fresh and clear their surface when first re- 
moved from the quarry, in process of time become studded with 
small brown ferruginous specks, which gradually extend themselves 
so as to injure the appearance as well as the solidity of the mass. 
As would be anticipated, the soil produced by the decomposition of 
eneiss of this description possesses more or less of a reddish hue, 
but cannot be expected to display the agricultural character of that 
of similar complexion formed of hornblende, epidote, or other rocks 
abounding in lime. Hence, as is well known, there are tracts of - 
red land noted for sterility, as there are others for their productive- 
ness. 

An interesting variety of gneiss is met with in Buckingham 
county, forming the chief mass of Willis’s mountain and Wood’s, 
improperly named on the map Appomattox mountain. When 
freshly broken, it is a whitish gneiss, composed in large part of 
quartz in grains, with a little mica, bearing some resemblance to a 
coarse sandstone, and containing a large amount of kyanite. The 
former mountain consists of two knobsewith a low gap between. 
The beds of kyanitic gneiss are amply exposed on the top of both 
knobs in massive ledges, and in the steep precipices looking towards 
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the west, the dip of the strata being to the SE. at an angle of about 
75 degrees. Associated with these rocks are found schorl and mag- 
netic oxide of iron. From the peculiar character of this gneiss, and 
the abundance and variety of the kyanite and other minerals in and 
around it, this mountain is destined to become noted among miner- 
alogists. The following are some of the specimens collected at this 
locality : 

1. Grey gneiss containing white kyanite, tinged red by iron. 

2. White quartzose gneiss containing kyanite. 

3. Finely crystallized kyanite, occurring in groups forming large 
masses — white, bluish and yellowish grey, and brightly 
streaked with blue. 

4, Schorl in large groups of crystals. 

5. Actinolite, a bright green mineral in long slender crystals, 
found in a micaceous gneiss. 


16. Mioa Sratr. By an increase in the proportion of mica, 
conipared with the other ingredients, the preceding rock passes into 
one possessing the slaty structure in a much higher degree, and 
which is called mica slate. In this the plates of mica sometimes 
compose nearly the whole of the mass, being merely cemented to- 
gether in parallel planes by a small amount of intervening quartz. 
In other cases the mica is less predominant, and some felspar as 
well as a large proportion of quartz are present, so as to furnish a 
mixture closely approaching to gneiss. In fact the passage from 
the one group to the other is by insensible gradations, so that by 
different observers the same rock is sometimes associated with them 
both. 

As will readily be inferred, there is great variety in the composi- 
tion and structure of mica slate. As seen in our southern district, it 
sometimes presents the mica in conspicuous scales, but more fre- 
quently in minute ones, abundantly disseminated in the mass, and 
giving to the freshly exposed surface of the slate a glistening surface 
and a certain degree of smoothness to the touch. 

The principal belt of this rock extends through Buckingham, 
Campbell and Pittsylvania, into Henry county, becoming less fully 
developed as it proceeds towards the southwest. In general direc- 
tion it conforms to the course of the James river between Scottsville 
and Lynchburg, passing across the river and expanding for some 
breadth into Nelson and Amherst counties, though not without the 
intervention of wide bands of sienite, gneiss, limestone, and another 
variety of slate presently to be described, in which the mica is either 
in part or wholly replaced by tale. As presented in Buckingham and 
Campbell over a breadth of about 8 miles, its predominant variety is 
a fine grained rock, in which the scales of mica are very small, and 
blended more or less with tale. Most usually it has the structure of 
a highly fissile slate, weathering into small flakes or chips, but in 
many places it is largely intersected by veins of quartz and epidote, 
and then exhibits great hardness and a more imperfect slaty struc- 
ture. . 
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For the most part the soils of this belt, varying from a light grey 
and greenish yellow to a mottled red colour, are comparatively un- 
productive, but whenever the latter tint, usually produced by the 
decomposition of the iron pyrites common in the rock, is accom- 
panied with fragments of Epidote or Hornblende, indicating the 
source of the red colour, at least in part, better agricultural proper- 
ties are displayed. 

It will presently be seen that limestone is of frequent occurrence 
near the western margin of these rocks, but within the general belt of 
which I am now speaking, no where could it have been placed more 
opportunely for the agricultural improvement of this district. For, 
perhaps, of all the soils throughout the southern region, none have 
naturally less calcareous matter than those derived from the light 
coloured slates referred to—and if we are to be guided by the expe- 
rience of those enterprising farmers living within this belt, who have 
availed themselves of this resource, none are more certain to derive 
amelioration from a judicious use of lime. 


17. Tato Stats. As already indicated, the micaceous slates of 
the belt above referred to, are often found to contain a portion of 
Tale along with the Mica, and such is the resemblance of the two 
minerals thus finely divided, that it is frequently impossible to pro- 
nounce upon the relative proportion in which they are severally 
present. When, however, the rock has the remarkable greasy feel 
and silken lustre of Talc, and exhibits few or no scales of Mica, it is 
called Talc slate—and where a marked, though perhaps not pre- 
dominating proportion of Tale is present, it is more properly termed 
a Talcose slate. 

These slates are chiefly met with in the range of micaceous slates 
above described—sometimes occupying a very considerable width, 
and presenting the Talcose material in large proportion—sometimes 
contracted to narrow bands and consisting of an almost pure Tale 
slate, and sometimes passing, as they are prolonged by insensible 
changes, into a less Talcose and more micaceous rock, until they ter- 
minate in genuine Mica slates. 


18. Areiriaceots State. The aluminons and siliceous materials 
always more or less blended with the Mica and Tale in the slates 
above described, in many instances predominate so largely as to form 
nearly the only ingredients of the rock. In such a case, when the 
silex and alumina, in a finely divided state, are mingled throughout 
the mass, forming a slaty rock, in which little or no indications of 
crystalline texture are discernable, the slate thus formed is termed 
a clay slate, or Argillaceous slate. Rocks of this description most 
frequently present a dark colour, and are reduced by weathering into 
thin and tender fragments, which quickly resolve themselves into a 
tenacious clay. They present, however, great variety in colour, 
texture and hardness, owing both to original differences in the pro- 
portion of the ingredients they contain, and differences in the de- 
gree to which igneous agency has modified them as to texture and 
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composition. As a class, the Argillaceous slates are to be looked 
apon as exhibiting less of this modifying influence than either of 
the metamorphic rocks above described. As might be expected 
from the varying character of the slaty rocks embraced in the belt 
of which I have been speaking, we meet with instances of gradual 
change from the condition of Micaceous and Talcose to Argillaceous 
slates, and rarely find the latter entirely devoid of Mica or Tale. 
In the neighbourhood of Scottsville, both above and below, are seen 
various mixed slates, presenting by turns the argillaceous, micaceous 
and talcose characters, but especially the two former. At numer- 
ous points along the eastern flank of the Green mountain, and in the 
western part of Buckingham county, as well as in Campbell, the 
argillaceous character is well marked. The admirable roofing slate 
quarried in the former of those counties, lies in another and more 
eastern belt of slate rocks, much less extensively prolonged than the 
main tract of which I have been speaking. Here, however, the 
compact Argillaceous slate of the quarry forms but one of the va- 
rieties of a group found in the same range, comprising Micaceous 
and Talcose slates. This slate, remarkable for its toughness and 
susceptibility of cleavage in broad thin sheets, bears evident marks 
of the indurating and other modifying effects of heat. It not un- 
frequently presents crystalline flakes and veins of Chlorite, spots of 
Epidote and small crystals of a peculiar mineral, Staurotide, which 
is met with at several other points in the Micaceous and Talcose 
slates. 


19. Quartz Srate, or Quartzite. Among the various modifica- 
tions of the slaty rocks now under consideration, deriving their dis- 
tinctive titles from the ingredient largely predominating in each, as 
might naturally be expected, there is one in which the silica or 
quartz remains almost alone. This still presenting the stratified ar- 
rangement, and to some extent, the slaty cleavage of the other rocks 
with which it is associated in position, and as it would also appear 
in origin, is not to be confounded with the clearly igneous quartz 
frequently found traversing in ramifying and intersecting veins, the 
gneiss and micaceous and other slates. It should rather be regarded 
as one of a series of products arising primarily from aqueous deposi- 
tion, for a time accumulating little else than siliceous materials, upon 
which at a later period, the modifying effects of heat were power- 
fully impressed. This Quartz slate is sometimes distinctly granular, 
presenting the aspect of a pure siliceous sandstone, having the par- 
ticles of sand partially fused together, sometimes it contains both 
Mica and Felspar in small amount—and by weathering, which 
removes the latter, becomes soft and porous. Not unfrequently it 
shows a fibrous structure, and the smoothed surface of a micaceous 
slate. In a word, it exhibits all the varieties of composition, and 
arrangement of parts, that might be inferred from the above view 
of its nature and origin. 

This curious rock is displayed at various points along the James 
river, between Scottsville and Lynchburg, associated with Micaceous 
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and Talcose slates and limestone, and in a similar connection in the 
general prolongation of the same belt as far as Leesville in Bedford 
county. A few remarks upon some of the localities in which it is 
seen, will serve to shew its character and general range. 

1. On the eastern edge of New Market, Nelson county, are two 
ledges of this rock, the larger and eastern of which is a little west- 
ward of the bed of marble near that place. The smaller, about 150 
yards to the west, is separated from the former by beds of Taleose 
slate. The principal ledge is a fine granular whitish and reddish 
quartz, the other fine and coarse granular. 

2. At the mouth of Owen’s cr. and again a little above Green- 
way, a similar rock occurs, presenting with some changes the usual 
southeasterly dip of the rocks of this district. It is distinctly strati- 
fied, some layers quite solid and 2 or 3 feet thick, others in a state 
of decomposition, not crumbling, however, but retaining their origi- 
nal shape, having become externally of a dark colour, and porous 
within, from the removal of the felspar, which along with mica ex- 
ists in small quantity in the unchanged rock. 

3. Lee’s mountain about one mile west of Leesville, Bedferd coun- 
ty, is composed of a fine granular quartz rock, occurring in large lay- 
ers with a slaty structure, so that it easily rives out in masses or slabs 
of any required thickness and length. Its dip is generally to SE. at 
an angle varying from 60° to 80°: Some of the layers are quite hard, 
others softer and more easily dressed, and these are preferred by 
the workmen; others again still softer shew a fibrous structure like 
many of the talcose and mic. slates along the James river. The 
very summit of the ridge or hill is composed of the white rock in 
nearly vertical layers, and having been quarried in many places, it 
appears from below like a wall of sandstone. Indeed, consisting as 
it does of pure siliceous grains without felspar or mica, its resem- 
blance to compact rocks of that class is very striking. The prevailing 
rocks, both to the east and west of Lee’s mountain are talcose and 
micaceous and argillaceous slates, and within half a mile in the latter 
direction occurs a bed of blue limestone, hereafter to be noticed. 

Besides its beauty and durability as a building material, this rock 
would appear to possess such a power of resisting intense heat, as to 
fit it for employment in furnaces, in which application it is certainly 
deserving of trial. 


20. Psrupo-GneIss oR GNEIssorIp SANDSTONE. The interesting 
class of rocks referred to under this title are remarkable for contain- 
ing rounded grains of quartz, and in this and other particulars pre- 
senting the general aspect of coarse grits or sandstones, more or less 
altered after their deposition by the agency of intense heat. These 
quartzose grains are often larger than a pea, and in general of a 
milky vitreous aspect. The mass of the rock is made up of siliceous 
grains with more or less mica and with felspar, occasionally in dis- 
tinct crystals, so that according to the proportion and mechanical 
condition of the ingredients, it approaches in appearance either to a 
sandstone or a gneiss. 
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During decomposition, these rocks plainly betray their sedimen- 
tary origin, as well by the rounded pebbles of quartz and sometimes 
felspar seen in relief on the weathered surfaces of the coarser varie- 
ties, as by the purely sandy soil into which they are ultimately re- 
solved. In many particulars they present striking analogies to the 
lower beds of sandstone appertaining to No. 1, the lowest of the 
Appalachian series, where these beds are in immediate contact with 
igneous rocks on the western slope of the Blue Ridge. 

The tract in which this interesting class of altered rocks chiefly 
occurs, lies near and within the western margin of the belt of mica- 
ceous and other slates before mentioned, and is bounded by well de- 
fined strata of these rocks on either side. Within this tract are two 
ranges of the rocks in question, of which that lying more towards 
the east is situated immediately on the west of the Green mountains 
in Albemarle, extending in a southwest direction so as to cross 
Rockfish river about 14 miles above Morgan’s ford, and in a north- 
easterly direction through and a little west of the town of Char- 
lottesville. The other, separated from the former by a narrow band 
of talcose and steatitic rocks, pursues a parallel course, including 
nearly all of Findlay’s mountain, and as it proceeds northeastwards, 
Fall Hill mountain, Applebury’s mountain, and what near Char- 
lottesville is called the Ragged mountain, crossing the turnpike in a 
belt of more than half a mile in width. As might be expected, the 
character of the rock at different places within the ranges just 
described is liable to important variations, but in general features 
considerable constancy is observed, the rocks of the more eastern 
- belt being for the most part of a finer grain and more gneiss-like 
character than in the other. 

As from the facility with which in many places they may be 
quarried out in large and uniform slabs and rectangular masses, as 
well as from their beauty and durability as a building material, 
these rocks are possessed of much economical value, it will be 
proper in this place to present a few details relating to some of the 
localities in which quarries of them have been opened, and more or 
Jess explored. 

Near the western flank of the Green mountain, the eastern of - 
the two belts has been quarried at various points on the estate of 
Mr. Tucker Coles, and used in the construction of the upper works 
of the locks and culverts of the James river canal, as well as for 
various purposes in household architecture. The layers, dipping 
steeply to SE. are from 3 to 4 feet thick, of great uniformity, easily 
detached in large parallel blocks, which can be dressed with great 
facility. The rock is hard, firm, siliceous, of a very light grey col- 
our, with a few scales of mica and some specks of vitreous quartz, 
and evidently when properly selected of a durable character. West 
of this and immediately beyond the mill on Hardware river, occurs 
a quite coarse gritty rock, containing grains or crystals of felspar. 
This is separated from the former by micaceous talcose and other 
slates, and evidently appertains to the western belt above described. 

In the gap of Warwick’s mountain on Rucker’s run, the rocks of 
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the belt just mentioned have been explored, to some extent at 
Patteson’s quarry, and here present the character of a hard siliceous 
sandstone of a grey colour, in thick beds variously intersected by 
cross joints tending to obscure the true dip, which as is general 
throughout this region, is towards the SE. They consist of bluish 
milky quartz, white felspar and some mica, presenting on their ex- 
posed surfaces the aspect of a coarse sandstone, and where freshly 
fractured looking somewhat like a bluish gneiss. 

At the end of Fall Hill mountain on the east side of Rockfish river, 
the same belt has been extensively explored by Mr. Barnum for the 
uses of the James river canal. The more eastern of these quarries, 
lying a little east of the mountain, consists of a brown micaceous 
gneissoid sandstone, with the usual grains of bluish vitreous quartz. 
The principal opening, situated at the end of the mountain, is one of 
the most extensive and interesting quarries in the state. The rock is 
a hard siliceous, whitish and grey sandstone, with little mica and 
some crystals of sulphuret of iron, containing also occasional em- 
bedded masses of mica slate. The layers are from 10 to 12 feet 
thick, and of a uniform solid texture, well adapted for architectural 
purposes. This rock has been used in the construction of the 
aqueduct over the mouth of Rockfish river and elsewhere on the 
canal, 


21. Soapstone Rooks. In the remarks presented under the head 
of Talc and Steatite, allusion has been made to the variable compo- 
sition of the rocks commonly known by the name of soapstone. As 
occurring in our southern region, they consist in general of mixtures 
of talc and steatite, in proportions varying with the locality, passing 
on the one hand into simple talcose slates, and on the other into a 
somewhat pure steatitic mass. In that portion of their range, how- 
ever, lying chiefly in Nelson and Amherst counties, besides these in- 
gredients, they are observed to contain a small amount of chlorite, 
and to be largely blended in some places with the greenish variega- 
ted rock, which, from its resemblance in gloss and colour to the skin 
of some ‘snakes, is called Serpentine: 

All the varieties of soapstone, though differing among themselves 
in texture and composition, are distinguished from other rocks by 
their smoothness to the touch, the ease with which they may be cut 
or otherwise wrought, and their capacity of enduring an intense heat 
without being fused or otherwise affected. Hence the various valu- 
able uses to which they admit of being applied, and the economical 
importance of such localities as afford them in the requisite purity. 
But afew openings have yet been made along the track in which they 
are generally found in our southern region, but at some of these the 
character of the rock is such as to recommend it to attention. It 
should however be borne in mind, that much of the mixed talcose, 
steatitic and serpentine material found within this belt, is of too hard 
and uneven a texture to be of value for the finer purposes to which a 
soapstone may be applied. In aid of the enquiries of those who may 
feel interested in exploring for rocks of this description, I will briefly 
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trace the tract in which they have been chiefly found in the course 
of our examination in the southern region. 

Commencing in Albemarle county, we find a steatitic rock asso- 
ciated with the Talcose and other slates already mentioned as inter- 
vening between the two ranges of gneissoid sandstone, a little west 
of the Green mountain. It is here, as quarried by Tucker Coles, 
esq., a tough, somewhat soft rock, of a mottled bluish grey colour 
free from grit, sufficiently uniform in texture, and capable of being 
wrought with ease. 

Following it towards the SW., it is seen expanding in width and 
assuming a different and less valuable character by becoming largely 
blended with serpentine. In this condition forming a kind of bastard 
soapstone, still admitting however of being applied to the coarser 
uses, it passes immediately west of Ligon’s in Nelson county, where 
it consists in large proportion of the serpentine. Pursuing the same 
general line, it forms a narrow belt along the western base of Buf- 
falo ridge, in Amherst county, including in some cases the western 
portion of the ridge, and containing the copper ores and numerous 
curious minerals met with at the Folly and contiguous points. In 
this part of its range, it is for the most part a hard tough rock, yield- 
ing however some beds of a quality that might be wrought. Farther 
south it crosses the James river above Lynchburg, and shews itself 
about two miles westward of the town on the road leading thence to 
Liberty, and again about 24 miles westward of New London. It is . 
here of a greenish grey colour, containing but little serpentine. Con- 
tinuing in the same direction, it is seen at the meadows of Goose 
creek in the forin of a grey talcose slate, associated with hard and 
impure talcose slates between it and Leesville. At the Meadows it 
is quarried as a soapstone. Still more to the SW. it appears in sey- 
eral nearly parallel ranges, of which the more eastern, pursuing the 
general direction hitherto described, makes its appearance about 24 
miles west of Brook’s near the Pigg river in Franklin county. It is an 
impure greenish steatitic Tale slate, somewhat indurated. A second 
belt occurs in the same vicinity near the eastern base of Jack’s moun- 
tain; a third still further west, about one mile from Franklin ©. H. 
in a SW. direction, and a fourth yet more to the west on the eastern 
slope of Grassy Hill. Of these the locality mentioned next to the 
last furnishes the best material. It is a greyish steatite, occurring in 
large compact masses, and of a texture to be wrought without diffi- 
culty. 

Farther south, these steatitic and Talcose rocks would seem to 
thin away. They are not seen on the road between Patrick and 
Henry courthouses, though there is reason to believe that near the 
Oarolina border they again appear. 

Besides the tract of Talcose and other slates just traced, there is 
another of less importance, also containing at some points beds of 
soapstone of a character fit for use. This lies east of the former, 
passing in a southwesterly direction parallel to Beaver creek, and 
crossing Sycamore creek towards its source. In the latter neigh- 
bourhood a quarry has been opened, and is now worked to a con- 
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siderable extent, furnishing a soapstone of excellent quality. Itisa 
greenish grey, highly steatitic rock, of fine and even texture, entirely 
free from grit, and admitting readily of being sawed and planed, or 
otherwise wrought into the forms that may be desired. 


22. Micacrous AND TALCOSE LIMESTONES AND MARBLES. Included 
in the wide band of slaty rocks of whose various subdivisions I have 
been for sometime treating, there occur ledges and prolonged patches 
of strata consisting largely and sometimes almost exclusively of car- 
bonate of lime. These, from their high economical importance, as 
well as their peculiar features in a geological point of view, have 
been made the subject of very careful detailed examination, and are 
entitled to a prominent place in our consideration at this time. 

The general position in which these limestone rocks occur, is 
some distance eastward of the range of the Talcose and Steatitic 
slates, though in this particular a rigid uniformity is not preserved. 
Fortunately for the value of these calcareous beds, as applied to the 
purposes of agriculture or the arts, the narrow tract in which they 
are found, corresponds in direction for about thirty miles with the 
general course of the James river below Lynchburg, and thus, at 
numerous points, reveals its valuable contents under circumstances. 
the most favourable for applying them to profitable use. This feat- 
ure in their geographical position, derives additional interest from 
_the fact that the portion of the tract thus brought to view, and as it 
were, explored by the river in its frequent changes of direction, is 
that in which the calcareous rocks are the most widely developed, 
and exist in the greatest variety as to texture, colour and composi- 
tion. Looking to the great advantages connected with such a posi- 
tion, and the extent to which these rocks may be made conducive 
to the private as well as public interest, it seems not a little remark- 
able that so few and such inefficient efforts have hitherto been made 
to convert this invaluable resource to profitable use. At many points 
along or near the river, a material is amply exposed of sufficient 
purity for the manufacture of lime suitable for architectural and 
household purposes—and almost every stratum of the rock is capable 
of furnishing a lime adapted to be used with great advantage as a 
manure, 

Being the only tract of calcareous rocks within the wide area 
reaching from the Blue Ridge to the marl region of the eastern coun- 
ties, the importance of this belt, especially throughout the line in 
which it adjoins the James river, to the agricultural interests of a 
large portion of the state, is too obvious to have escaped ever the 
most careless observation. Yet strange to say, few or no instances 
are known in which the extended region lying to the east, has been 
made to experience the benefits of which these caleareous rocks 
might be so fruitfully the source. But may it not be hoped that at 
no distant day, the real value of this calcareous tract will be practi- 
cally exemplified in the extensive conversion of its rocks into lime 
suited to the purposes of the farmer as well as the builder and engi- 
neer, and in the employment of the material thus prepared, as a sub- 
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stitute for that often intrinsically of little higher value, now supplied 
to them from distant parts of the Union. 

In thus adverting generally to the economical considerations 
which give peculiar interest to the narrow belt of which I am now 
treating, I would not have it to be understood that lime procured 
from the rocks in question, is often as free from impurities as the 
better kind of lime manufactured beyond our Blue Ridge, or in many 
places in the eastern states. But I can confidently affirm, after nu- 
merous chemical examinations, that in many cases it is as well, if not 
better suited to the purposes of a cement, and will be found but little 
inferior when employed as a manure. 

As an aid to the practical examination of this calcareous belt, and 
a means of comparing the different varieties of limestone it contains, 
I proceed to a brief account of its extent, and of the aspect and com- 
position of its rocks, as presented at some of the more important lo- 
calities which have been visited. 

Allusion has already been made to the curious fact of the occur- 
rence of these limestone rocks in the form of oblong patches, and 
not, as in the case of this and other rocks beyond the Blue Ridge, in 
ledges or belts, prolonged continuously to great distances. This pe- 
culiar feature, which could hardly have been detected by merely 
casual observation, appears hitherto to have escaped notice, though 
it is one not without interest in connection with the economical value 
of the calcareous belt. In tracing the rock from any of the points 
at which it is exposed, in the direction of its bearing, or the strike 
of the strata, it will generally be found, after continuing some dis- 
tance, gradually to taper away, until finally lost in the contiguous 
rocks. An interval is thus presented in which the strata before ob- 
served are either entirely wanting, or have ceased to shew themselves 
on the surface, although, perhaps, at a small distance laterally from 
the line of direction of the Jost beds, others of a similar character 
make their appearance, destined in like manner to expand and finally 
wedge out. A somewhat similar mutability has already been noticed 
as observable in the other rocks of the slaty belt in which these lime- 
stones lie, more particularly those of a talcose, micaceous and steatitic 
composition, whose range is near or adjoining to the limestones. 
It would seem, in fact, that in the original deposition of the various 
materials, including the calcareous matter, of which these numerous 
varieties of rock were formed, but little uniformity prevailed in tho 
substances accumulated at different parts of the tract at any one 
time, so that while at one place the materials were such as after- 
wards to form a Mica or Talc slate or steatite, or a mixture of two 
or all of these, at another, calcareous matter was collecting blended 
more or less with the other substances just mentioned, giving rise 
to limestones more or less micaceous or talcose in their composition, 
and towards the extremity of the tract in which they were forming, 
gradually fading away from the increasing predominance of the other 
materials there undergoing a like accumulation. It is, however, not 
to be inferred that the calcareous formation has ceased to exist 
wherever it is not present at the surface. Indeed, observation has 
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shewn that it may be so enclosed by the meeting of the adjacent 
strata at the top, that nothing short of a section of some depth would 
reveal its presence. In such a case, even though the general dip of 
the strata were very steep, it might shew itself at the foot of a hill 
or in a pit, though entirely absent on the top or at the surface. In 
such cases, which there is reason to think are not uncommon, these 
calcareous masses may be looked upon as large bodies of rock re- 
sembling in form, though not in nature or origin, enormous flat and 
tapering pebbles embedded to a greater or less depth in the adjacent 
rocks. 

By conceiving numerous masses of this description, some of them 
of many miles in length and several hundred feet in thickness, thus 
enclosed in the strata of that portion of the slaty belt in which they 
are found, we can readily imagine that the extent to which they are 
exposed on the surface, will be dependant on the position in which 
they are cut through by that surface, and by the natural sections 
formed by the rivers and ravines. From these considerations, a 
ready explanation is deduced of the frequent absence of the lime- 
stone in a line prolonged from and in the direction of localities where 
it is well developed, and of its recurrence at intervals in that and 
parallel lines, or of what may be called the sporadic occurrence of 
the rock. In thus dwelling at some length upon the want of per- 
sistency, frequently so remarkable in the rocks in question, I am in- 
fluenced as well by the wish to incite those interested in their dis- 
covery, and more particularly the farmers living near or within their 
range, to a diligent personal examination for them at every accessible 
point, as to render the geological conditions under which they occur 
familiarly understood. 

The following brief details in regard to some of the more impor- 
tant exposures of these rocks, as they are seen successively in explor- 
ing the belt from the middle of Albemarle in a southwesterly direc- 
tion, will serve to illustrate the more striking features of the forma- 
tion, and convey useful information respecting the character of the 
rock at a number of valuable localities. 

Commencing with the band of limestone exposed on Limestone 
run, immediately on the main road from Charlottesville to Rich- 
mond, we find the rock displayed over a breadth of about 100 yards, 
lying in a nearly horizontal position, but rolling a little towards the 
east. West of it is a bluish micaceous slate, on the opposite side a 
brown and rather argillaceous slate. The rock is a blue slaty lime- 
stone, with alittle Mica and a few veins of white Spar. It is pene- 
trated in a vertical direction by a vein of grey impure limestone, and 
covered where the upper stratum has not been removed, by a grey 
rock containing but little lime. 

From this point it extends with but little interruption, though of 
variable breadth, in a NE. direction, following nearly the course of 
the Mechump creek, in the neighbourhood of which it is quarried at 
several places. Where the Louisa road intersects its range it has 
disappeared, but a similar band shews itself at the surface at captain 
Lindsey’s on the south fork of South Anna river, and near Gor- 
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donsville. Ina SW. direction it may be traced without interrup- 
tion through Dr. Blettermann’s plantation, where it has been ex- 
tensively quarried for agricultural purposes, and applied to this use 
with signal benefit. Itis here also a slaty blue limestone, contain- 
ing some Mica and Talc, producing a lime which, though not white, 
forms a strong cement. The enclosing rocks are talcose and mica- 
ceous slates, which, as well as the limestone, are inclined at a con- 
siderable angle to the SE. Thence in the direction of Buck island 
creek, it shews itself at several points in the neighbourhood of the 
stream, and is quarried by Mr. Garland and others, but before reach- 
ing the road leading from Scottsville to Carter’s bridge, it vanishes, 
the last exposure being in the neighbourhood of Mr. J. D. Moon’s. 
It again appears about 14 miles NW. of Dyer’s mill at ‘‘ Limestone 
Place,” consisting of a single band of light blue slaty limestone 
about three feet thick, occurring in micaceous slate. It now crosses 
Ballinger’s creek a little north of the margin of the red shale re- 
gion, and in a short distance enters that tract, where, if it exist at 
all, it is deeply covered by the red rocks. At Ballinger’s it is a light 
bluish grey slaty limestone containing a little Mica. <A little west of 
the margin of the shales, it makes its appearance on Rockfish river 
near the mouth of Ivy creek, though in a belt lying westward of 
the former range, and still farther south a similar rock occurs at 
numerous points in the neighbourhood of Warminster on the James 
river. 

The several parallel bands occurring in this vicinity, prolonged in 
the direction of their range or bearing, in other words, towards the 
NE. would enter the confines of the red shales a little lower down 
the river, so that even should they be continued in that direction 
they are rendered inaccessible by the overlying rocks. These bands 
moreover are not to be regarded as the continuation of the ranges 
of limestone previously traced, but lie some distance eastward of 
them, as may be seen by referring to the map. 

From the vicinity of Warminster to Walker’s ford, frequent ex- 
posures are met with both on the river and its tributaries, including 
many varieties of the rock, some of which have the texture and 
character of marble of good quality, and many are of sufficient purity 
to recommend them to use. Throughout this tract we perceive a 
multiplication of the number of beds and striking fluctuations in 
their thickness and composition at localities but little remote. 

1. Referring to the more important of these exposures, we find 
the rock in beds of considerable magnitude, forming a cliff on the 
south side of the river at Traveller’s Rest, the residence of major 
Yancey. The thickness of the limestone, as exposed at the quarry 
on the river side, is about 60 feet. The principal varieties occur- 
ring here are, 

Ist. Reddish close grained limestone. 

2nd. Greyish compact granular. 

3rd. Pink slaty micaceous. 

4th. White slaty micaceous. 

5th. Blue slaty micaceous, occurring a little lower down. 
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Much of the pink as well as the grey compact variety may be re- 
garded as of good quality, containing, as will be seen hereafter, a 
large proportion of carbonate of lime. Portions of the former con- 
stitute a not inelegant marble, though too much intersected by veins 
to admit of being readily wrought. 

2. About two miles below Warminster by the canal on the north 
side of the river, three ranges of limestone are disclosed. The most 
easterly is narrow, composed of a whitish compact rock. The mid- 
dle range, about 40 feet in thickness, consists of blue slaty lime- 
stone with much calc. Spar. It is from this band that the iron 
works near New Canton are supplied with the rock used as a flux. 
About 150 yards above is a smaller range of granular and compact 
limestone, white and pinkish, occasionally slaty, with some calc. 
Spar and a little Mica. All these rocks are associated with talcose 
and micaceous slates, and like the slates have a steep dip to NW. 

Higher up the river, ledges of the rock are seen on Swift island, 
and crossing Stevens’s and Pigsborough creeks a short distance 
above their mouths, the latter locality lying considerably west of the 
range of those previously noticed. This brings us to the vicinity of 
New Market, where numerous interesting exposures are met with 
on both sides of the river, and to some distance westward: and like 
exposures are seen from point to point as we ascend the river as high 
up as Elk island creek. The following are some of the particulars 
relating to this portion of the tract: 

3. About one mile below New Market and 100 yards north of 
the road leading to Warminster, there occurs a bed of compact lime- 
stone or marble, which is well exposed where cut through by 
Pounding Mill creek. It lies between talcose and micaceous slates, 
and presents at this point a width of between 60 and 70 feet. It is 
in general a white rock, though sometimes pink or flesh coloured, and 
occurs in irregular layers, which are nearly or quite vertical. In 
texture and colour it is well suited for ornamental work, but it is to 
be feared that from the number of veins and joints running through 
the rock, it is not sufficiently solid for quarrying as a marble. Of 
this, however, no adequate trial has yet been made. The same bed 
is again exposed on the west side of Tye river near its mouth, form- 
ing several small ledges on the line of junction of the river bottom 
with the rising ground. It is just to the west of the direction of 
this bed that the curious ledge of quartz rock formerly noticed pre- 
sents itself, and we shall see that a similar juxtaposition of calca- 
reous and siliceous beds occurs at other points. 

4, On the south side of James river nearly opposite New Market, 
the cliffs or rocky banks for about half a mile contain blue slaty 
limestone, generally quite micaceous. These beds appear to be con- 
tinuous with those of a similar rock met with on the opposite side 
of the river above New Market along the canal. 

5. Following the course of the river from New Market up, the 
blue slaty limestones just referred to are met with abont one mile 
above the village. They form two thin beds, separated by a con- 
siderable interval occupied by mic. and talcose slates. The first is a 
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blue rock, containing reddish calc. spar, width 10 feet—the second 
a blue slaty micaceous limestone. 

6. Passing now a band of talc. and mic. slates, in the midst of 
which rises a narrow ledge of trap or greenstone, we come upon a 
bed of impure, white and pinkish compact limestone or marble, hay- 
ing a width of about 20 feet. 

7. We are now carried successively over mic. states and the bed 
of Sienite formerly referred to as attording so valuable a material 
for building, and at the mouth of Owen’s creek strike upon another 
range of white Quartz rock, mentioned under a former head. Be- 
tween Owen’s creek and Greenway we have for 2 miles argilla- 
ceous slates, beyond these micaceous slates, and lastly bluish mica- 
ceous Gneiss, which is quarried at Greenway. Still farther on the 
micaceous slates and Gneiss continue for nearly two miles, except- 
ing where interrupted by a heavy interposed bed of quartz rock. At 
the termination of this distance, we again come upon blue slaty lime- 
stone. 

8. We now have a succession of cliffs on both sides of the river 
composed of bluish mic. slate and Gneiss, the beds of which cross 
the river about three miles above Greenway; after which, near 
Harris’s branch, there occurs a body of dark Sienite, which has been 
quarried for locks and culverts, and of whose admirable qualities I 
have already spoken. One mile farther on, we meet with two ranges 
of blue limestone, having a granular structure, and containing some 
brown Mica and white cale. Spar. They are enclosed in mic. slate 
and are about 20 feet in width. . 

9. This brings us in a short distance to a broad belt of marble 40 
feet in thickness, consisting of a white and grey compact rock di- 
vided into layers from 3 to 4 feet in thickness, and of uniform text- 
ure and great solidity throughout, dipping to SE. at an angle of 50°. 
This forms a cliff which is cut through by the canal. In texture, 
colour and solidity, this rock gives every indication of being well 
adapted to be wrought as a marble, and can hardly fail to become 
valuable for this or other purposes. 

10. Beyond the marble we again pass over Mica slates, and with- 
in a quarter of a mile of Elk island creek, meet with a bed of blue 
limestone veined with calc. spar. This, as exposed, has a width of 
from 40 to 50 feet—dips also to SE. Micaceous slates recur, and 
just at the mouth of Eijk island creek, we find another but thinner 
‘bed of blue limestone, which is quarried. 

11. At the distance of about half a mile above the mouth of Elk 
island creek, near the furnace of the Elk creek iren manufacturing 
company, a blue slaty limestone occurs in the vicinity of the ore 
bank nearest to the establishment, and a similar rock is met with in 
several narrow parallel belts for some distance westwards. Expo- 
sures also occur at some points within the triangular space lying be- 
tween Buffalo ridge and the James river and Elk island creek, whose 
margin. has now been traced. These beds however appear to have 
thinned out before reaching Christian’s creek. 

12. On the southern side of the river a belt of limestone is seen 
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crossing Buck island creek about half a mile above its mouth, and 
another more westerly bed is exposed at Walker’s ford nearly oppo- 
site the mouth of Christian’s creek. This is blue and slaty, and as- 
sociated with talcoge and micaceous slates. 

13. The caicareous beds having now thinned away on the north- 
ern side of the river, appear to undergo a correspondent expansion 
on the southern. On Stonewall creek, a short distance below Ross’s 
furnace, and about 2 miles in a direct line from the river, a belt of 
limestone is exposed, measuring at this place upwards of three hun- 
dred feet in thickness. It is blue, sometimes sparry and white, 
sometimes granular, and inclined to be crystalline. This belt pos- 
sesses great importance, not only on account of its extent, but its 
contiguity to the extensive beds of rich iron ore which are used at 
the furnace, the limestone lying a little east of the most eastern band 
of ore. 

14. Continuing our observations up the river, we meet with a 
range of blue limestone, generally slaty and micaceous, about half a 
mile below the mouth of Archer’s creek. The principal varieties 
occurring here are, 

First—Greyish sub-crystalline limestone containing small rhombs 
of calc. spar. 

Second—Dark blue slaty limestone, micaceous, containing small 
rhombs of dark calc. spar, and some iron pyrites. 

Third—Blue slaty limestone, micaceous. 

The thickness of the bed may be estimated at 70 feet. 

15. About 2-miles above the mouth of the creek, near where the 
old Richmond road crosses, and therefore in a position more to the 
east than any of the beds hitherto noticed, we find exposures of a 
quite thick belt of blue limestone, both at the ford of the creek and 
some distance beyond. This rock, which is enclosed by micaceous 
slates, has a high dip SE. It is blue, micaceous, somewhat slaty, 
and contains some calc. spar. 

16. The belt described as shewing itself a little below the mouth 
of Archer’s creek (14) would appear to be prolonged, though seem- 
ingly not continuously on the surfaces, in a direction to intersect 
Opossum creek at the point of crossing of the Richmond turnpike 
near its mouth, and at that of the road to Campbell courthouse, at 
both of which places a bed of bluish micaceous limestone is exposed. 
The same is also seen at various places in the line connecting these 
points, between Opossum and Beaver creeks. As seen near the 
crossing of the Richmond road, it shews itself in a bold cliff on the 
creek, in thick, solid layers dipping SE., having at the quarry a 
width of about 50 feet, and being bounded by mic. slates on both 
sides. It is deep blue, dull, micaceous, and with thin layers of Mica 
between the strata. 

17. The belt described as crossing Archer’s creek, some distance 
above its mouth on the old Richmond road, would also seem to be 
prolonged, though not continuously at the surface, making its appear- 
ance on Little Beaver creek, which it crosses, and shewing itself ex- 
tensively along the western margin of Big Beaver as far up, nearly, 
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as where the road to Campbell courthouse crosses the creek. At 
captain Stephen Perrow’s this belt is about 100 yards wide, and 
consists of grey, bluish, and white limestone. The bluish or clouded 
generally contains Mica and iron pyrites, and grains of bluish 
Quartz; the white is fine grained, pure, and free from Mica, and in 
fuct, is a marble of moderately good texture. The same rocks are 
seen about half a mile below on the land of Dr. Stevens adjoining 
the creek, and are here bounded on the west by a belt of micaceous 
slate in which occurs a bed or vein of fine granular Sulphate of Ba- 
ryta of a pure white colour. On Chilton’s plantation the limestone 
crosses Beaver creek, soon after which it strikes over to Little Bea- 
ver, but soon becomes concealed, so that it is not well exposed 
again until we approach Archer’s creek. Between Chilton’s and 
Little Beaver it is a coarse grained white and grey and bluish lime- 
stone. 

18. West of the mouth of Opossum creek, about midway between 
. it and Licking, several narrow bands of limestone shew themselves 
near the river, being the only representatives in this part of the 
tract of the belts of marble and limestone found in the neighbonr- 
hood of Elk Island creek, Greenway and still lower down... The 
strata as exposed from the mouth of Archer’s creek to the western 
termination of the cliff in which these bands occur, present some 
points of interest, and may therefore be briefly alluded to in thie 
order in which they occur. 

Immediately above the mouth of the creek is an extensive ex- 
posure of light blue Mica slate, with embedded Mica in dark scales. 
The bearing or range of the strata is NNE., and the dip steep 
towards south and east. A large vein of Quartz is finely displayed 
in the face of the cliff, cutting through the strata at right angles, 
thus evincing its intrusion as an igneous material into the beds of 
Mica slate after their deposition, and furnishing a beautiful illustra- 
tion of the relation of much of the Quartz rock of this and corre- 
' sponding districts of the state, to the surrounding mineral masses. 
A large proportion of this Mica slate is well suited for building, 
being procurable in large uniform blocks capable of being dressed 
with ease. 

Between Beaver and Opossum creeks are exposed beds of Quartz 
rock of very different character and origin. These present them- 
selves in heavy strata, enclosed by Mica slates on both sides, and 
dipping in conformity with the slate, at an angle of 45° to SE. The 
whole thickness of the rock is about 200 feet, consisting chiefly of 
two bands of 100 feet each, separated by the slates. This rock is 
dense, fine grained, containing a little Mica, and in some layers em- 
bedded grains of bluish Quartz, presenting the characters of an 
altered sandstone. It has been extensively wrought at Cabell’s 
quarry for the works on Beaver creek. 

At Opossum creek we have bluish micaceous slate, and in about 
half a mile a cliff begins which extends for about 2 miles along the 
canal. Here we have bluish and greenish mic. slates with veins of 
Quartz, grey micaceous slate, And then the most eastern of the bands 
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of limestone, which is about 7 feet thick, blue, slaty and micaceons, 
with some spar. The position of this band is vertical, but it does 
not rise to the top of the adjoining slates, which fold over it so as 
to present a thickness of about 10 feet between its termination and 
the surface, displaying in this particular, a feature in regard to these 
beds of limestone formerly adverted to, as probably characterizing 
them very generally. 

About 50 yards above this is another ledge 5 feet wide, of light 
blue slaty limestone. 

A little beyond the last, is a third bed consisting of white and 
grey rather granular limestone, looking like marble, but wanting 
solidity, being slaty and penetrated by seams. Thickness about 10 
feet. 

Adjoining the former is bluish Talc slate, west of which we meet 
with a fourth bed, consisting of a white slaty limestone in thin layers 
covered with a film of Tale. Thickness 20 feet. 

Beyond this is dark green Tale slate with wrinkled surfaces, and 
then a curious bed of micaceous Gneiss, with a great deal of Quartz, 
about 20 feet in thickness, rising from the base of the cliff in a ver- 
tical line, then bending so as to become horizontal, and again by a 
similar rectangular turn rising vertically to the summit. 

The narrow bands of limestone here described are not prolonged 
to any considerable distance towards the southwest, and no doubt 
thin out in that direction as well as towards the northeast. 

19. Tracing, in a southwestern direction, from Beaver and Opos- 
sum creeks the tract of slates with which the calcareous beds have 
thus far been observed to be associated, we find numerous expo- 
sures of limestone in two ranges, one following the general course 
of Flat creek, the other that of Buffalo. The former or more east- 
ern range may be seen near Horner’s about 9 miles south of Lynch- 
burg on the Pittsylvania turnpike. It occurs over a considerable 
space in the flat meadows at the head of the creek, and is here a 
blue limestone forming a tolerably white lime. Below this it may 
be traced from point to point as far as the Otter river near the 
mouth of the creek, shewing itself well at Mr. Ward’s on a small 
creek above Quarry branch, and at Scott’s mill, judge Saunders’s, 
and major Smith’s on Flat creek. The breadth of this belt, thongh 
far from uniform, is very considerable: the rock as seen at judge 
Saunders’s is blue, slaty and micaceous, intersected by small veins of 
Quartz, and dips at about 40° toSE. Adjoining it are Talcose and 
Micaceous slates. 

20. The range on Buffalo creek is separated from the former by 
an interval several miles in width, occupied by mic. slates with 
Epidotic and Hornblende rocks and Quartz containing beautifully 
crystallized Schorl. 

The limestone is seen at several points on the creek. On Mr. 
Andrews’s plantation it forms a narrow band in mie. slates and 
Gneiss, and is a white granular limestone with some Mica. At Mr. 
Ro. Irving’s it forms the face of the cliff on the side of the creek, 
and has a width of about 80 feet, dipping to SE. It is of various 
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textures, from a coarse granular to a slaty fine grained limestone of 
a grey colour, and forms a white lime. 

21. The belts above described as ranging along Flat and Buffalo 
creeks, thin out in proceeding SW., so that the latter does not reach 
the Otter river, and the other disappears after passing through Dr. 
Hayden’s plantation south of that stream. But lower down the 
river than the range of the Flat creek rock, there occurs at the 
mouth of Scott’s creek, on the plantation of captain Tardy, a bed of 
limestone of sufficient extent to form a cliff near the Otter. It isa 
bluish granular rock, shewing itself in heavy beds. 

22. On Sycamore creek near Clement’s ford of Staunton river, a 
thin bed of white granular and slaty micaceous limestone is exposed, 
enclosed in micaceous slates, but this soon thins away, and no rock 
of this description has been met with in this direction further to 
the SW. 

23. In the prolongation of the line of the Buffalo creek rock, 
however, though not continuous with it, a bed of limestone makes 
its appearance near Goose creek, between one and two miles above 
Leesville, situated at its mouth. It presents itself about half a mile 
west of Lee’s mountain, of whose layers of beautiful Quartz rock 
mention was formerly made, and as exposed at Mr. Arthur’s quar- 
ries, has a thickness of about 40 feet. It is blue and slaty, but not 
micaceous, contains some calc. spar, and burns into a white lime. 
Dips to SE. at an angle of 60°, and is in contact with greenish Mica 
slate. A similar rock occurs near the southern base of Smith’s 
mountain, on the plantation of Prof. Tucker. 

24. Following the general direction of the tract, we meet with 
one other bed of limestone. near the ford of Pigg river, a little above 
the mouth of Glade creek in Franklin county. It is blue, slaty, oc- 
casionally micaceous, and with small layers of cale. spar. Width 
about 15 feet. It is quarried for the use of the furnace at Rocky 
Mount. Further to the southwest the Talcose and Micaceous rocks, 
always observed to be associated with the limestone, rapidly thin 
out, and no traces of them or the limestone are to be seen in cross- 
ing Patrick and Henry counties, from Martinsville to the furnace on 
_ Goblintown creek. Whether these rocks re-appear still nearer the 
state line has not yet been determined, though it is not improbable 
that such is the fact, as at no great distance south of the line they 
are met with in North Carolina. 

The foregoing details, comprising the principal, though not all 
the localities of caleareous rock within the district of which I am 
treating, have been given at some length, with the view of inducing 
those who reside within or near the tract in which these rocks oc- 
eur, to make diligent examination in their respective neighbour- 
hoods, that any hitherto concealed beds, of which it is by no means 
improbable some may yet be found, may be brought to light and 
turned to useful account. The minuteness of our researches as , 
manifested in some of the above details, has been such that I am 
confident no belt of considerable thickness has been passed over— 
but even a band of this rock of only a few feet wide, may prove an 
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important acquisition to the agriculture as well as the household 
economy of a neighbourhood, and would certainly well repay the 
trouble of exploration. 

From that portion of the above details relating to the numerous 
exposures on and near the James river, particularly when connected 
with the chemical results in regard to the composition and peculiar 
qualities of those rocks which are to follow, it would seem scarcely 
to admit of doubt that the beds of limestone and marble met with 
in that portion of the tract, are destined hereafter to be of more than 
merely local value, and that they will not be suffered to remain so 
little wrought, when their highly favourable position gives them an 
advantage more than compensating the inferior excellence of the 
rock at many, though by no means, at all the exposures. 

As avery useful aid to those who are interested in the above 
details, and who desire to trace the calcareous beds through inter- 
vening points not mentioned, as well to readers generally, anxious to 
follow understandingly the descriptions I have given, | would recom- 
mend a continual reference to the large state map while reading 
them, as I have endeavoured so to specify localities as that they may 
be fixed with sufficient precision on the map. For the sake of per- 
manent future reference, it would also be found useful to make a 
distinct mark with a pen or brush at each locality thus determined ; 
and I would take the liberty of recommending a similar procedure 
where boundary lines of formations afe traced in the reports. Such 
visible demarcations, while greatly assisting the reader in forming 
clear conceptions of what is described, become parts of the geologi- 
cal picture of the region, whose purport is afterwards recognized at 
sight, and in the present case may serve a purpose of use as well as 
gratification, until the geological map of the state is in the hands of 
the public. 


Composition and properties of the Limestones and Marbles 
above referred to. 


Numerous specimens of these rocks, gathered from all the im- 
portant localities visited during the last and preceding seasons, have 
been selected for chemical examination, and of a portion of them 
our analyses have already been completed. From the results, as 
stated below, it will be seen that in many instances they contain a 
large proportion of carbonate of magnesia, a fact which, taken in 
connection with their siliceous character, led me at once to infer 
their capability of furnishing a lime suited for the purposes of a 
water cement. I have accordingly instituted a series of experiments 
designed to test their properties in this respect, and though the in- 
vestigation will require some further time to bring it to maturity, I 
am enabled to announce the fact, that the rock of some of these 
beds yields a hydraulic lime which, though it sets slowly, forms a 
solid cement. I may further state what has been mentioned inei- 
dentally before, that the grey and reddish lime of many of the poorer 
beds, containing some magnesia as well as much siliceous matter, 
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will be found to form a mortar for common purposes of greater 
hardness and durability than can be made by the use of the pure 
white lime, which is so generally preferred ; and that though com- 
paratively few of these beds will yield a perfectly white lime, it 
should be borne in mind that the light grey and cream coloured 
limes produced from some of the richer rocks, are little if at all in- 
ferior in strength to the white limes in common use. Of the falsity 
of the opinion so prevalent that a coloured lime must of necessity 
be of inferior strength, no clearer proof could be adduced than the 
well known fact, that the presence of less than one per cent. of 
oxide of iron in the lime is sufficient to give it a very decided red- 
dish or brownish tinge. 


23. Iron Ores. On this head only a few observations can be 
usefully presented at the present time, as the chemical examinations 
relating to these materials are as yet too little advanced to furnish a 
body of analytical results sufficient to illustrate their composition 
and probable economical value. The extensive beds of these ores 
found at some points in the southern region, their great richness in 
iron, and their proximity in several instances to some of the belts of 
limestone above described, together with the favourable position in 
which some of them are placed as regards water power and facili- 
ties of transportation, give them a not unimportant rank among the 
mineral resources of this portion of the state. These deposites are 
however by no means so numerous in this region, as from the deeply 
ferruginous tinge of the soil over extensive districts, and the fre- 
quent occurrence of loose fragments of ore upon the surface, ordi- 
nary observers have been led to imagine. All the slaty rocks of 
which I have treated above are more or less impregnated with iron, 
usually shewing itself in the undecomposed rock in the form of 
crystallized sulphuret of iron or iron pyrites, and in many instances 
bearing a large proportion to the other materials with which it is 
intermingled. Nor is it exclusively confined to the class of rocks 
in question, occurring sometimes in equally marked amount in beds 
of Gneiss and in veins of Quartz, particularly such as have been 
found to contain gold. This mineral may be known by its yellow- 
ish metallic lustre, and the generally cubical or square form of its 
crystals. Though worthless in itself, it would appear to have been 
the source whence some of the most valuable and extensive ore beds 
of this region have been supplied. 

The beds referred to are those consisting of the brown and ochre- 
ous ores hereafter to be mentioned. A few remarks upon what 
would seem to be the theory of their formation will, I hope, not be 
deemed inappropriate as a part of the present brief sketch of the 
geology of our southern region. 

The brown and ochreous iron ores contain the metal in the state 
of an oxide, and are made up of this oxide, together with silex, 
alumina and water. The oxide contains 70 per cent. of metallic 
iron, so that were the ore composed of this alone, each hundred 
pounds ought to yield seventy pounds of metal. In the richer ores 
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as much as 85 per cent. of the oxide is sometimes found, the re- 
maining 15 per cent. consisting principally of water. This would 
correspond to about sixty pounds of iron to the hundred of ore, 
and is an amount scarcely ever obtained in the operations of the 
furnace. 

The ores in question are uniformly found associated with Mica- 
ceous or Talcose slates or Gneiss, in which the sulphuret is or has 
been present in great quantity. In the immediate vicinity of the 
bed, these rocks are seen in a decomposing condition, and impreg- 
nated with ochreous matter, which is the material of the ore. In 
fact, with a little attention, the various gradations may be traced 
from the unchanged rock, at some distance from the bed, to the 
softened and decomposing material in which the sulphuret has dis- 
appeared and the dark brown stains of oxide are presented, and 
thence to a mixed substance consisting of the matter of the rock, 
with a predominance of the oxide, from which we pass into the 
massive and comparatively pure ore. Of the stages of chemical 
change by which this conversion would seem to have been brought 
about, the first is obviously the decomposition of the sulphuret 
of iron, and the production of copperas or the sulphate of iron, an 
effect continually witnessed where moisture and air have access to 
the sulphuret, and the second the separation of the brown oxide 
from the copperas, probably in some measure by the action of the 
magnesia and potash present in the Mica, Tale and Felspar of the 
adjacent rock. In this view of their production, the ores in ques- 
tion are to be regarded as of much later origin than the adjacent 
rocks, and indeed as being in some places in progress of formation 
now. Striking examples might be referred to of beds of Micaceous 
and Talcose slates, in which knots of such ore are to be met with 
disseminated through the mass, and still in part retaining the struct- 
ure of the slate, so as to exemplify one of the stages of change be- 
fore noticed, in which the production of the bed of ore has not yet 
been carried to its completion. 

Besides the brown and ochreous ores, there occur also two 
other varieties, viz: the Micaceous oxide and the Magnetic oxide. 
The former is not unfrequently associated in small quantity with 
the ores first mentioned, but most commonly occurs in small veins 
included in Quartz. It is distinguished by its glistening scaly erys- 
tals, not unlike those of a dark brown Mica, but unlike these it 
yields a bright reddish brown powder when bruised, and will stain 
the fingers of this hue when rubbed. Though of common occur- 
rence, it is not found in large quantities. The composition of this 
ore is the same as that of the pure brown oxide, but unlike that 
variety it is never united with water. 

The Magnetic oxide, when pure, is richer in iron than either of 
the preceding, containing within a small fraction of 724 per cent. of 
metallic iron. It is distinguished by its nearly black colour in mass 
as well as when reduced to powder, and its strong action on the 
magnetic needle, attracting one extremity and repelling the other. 
It is from ore of this description that nearly all the Swedish iron, so 
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celebrated for its excellent qualities, and so well suited for conver- 
sion into steel, is extracted. 

This variety of iron ore occurs at several points in the southern 
region in the form of beds or strata of considerable thickness and 
of good quality. 

The following enumeration of some of the exposures of these 
ores may serve to indicate their geological position as well as their 
extent and general characters: 

1. In Buckingham county an extensive bed of the brown and 
ochreous ore has been traced for many miles in a direction south- 
westwards of the furnace near New Canton. Of this deposit some 
account was given in my first report. 

Omitting further details at this time, I would merely remark that 
from its continuity and thickness, and from the general richness of 
its contents, this bed deserves to be considered as of high economi- 
eal value. The iron made from it is for many purposes regarded as 
of good quality, though like most of the meta] manufactured from 
the ores east of the Blue Ridge, it requires the admixture of a softer 
material in converting it into bar iron. The position of this bed 
between Micaceous slates, and the graduation of the ore into slate 
along the sides of the bed, afford good illustrations of what has been 
said in regard to the origin of these ores. 

2. In the same county a bed of the brown ore is extensively ex- 
posed on Stonewall creek in sight of Mr. Ross’s new furnace, and 
shews itself at several other places in the neighbourhood. At the 
furnace it has a width varying from 10 to 15 feet—at Mr. Yeatman’s, 
half a mile below, its width is 12 feet. Its position is nearly verti- 
eal, included in yellowish Talcose slate, and its range or bearing is 
N. 20° E. The ore is generally compact and dense, but sometimes 
cellular, and containing ochre. Higher up the hill and eastwards of 
the former, another parallel bed occurs, consisting chiefly of a yel- 
low ochreous oxide of iron with numerous and large cavities. Still 
more towards the east we meet with the range of limestone for- 
merly spoken of, furnishing a flux to be used with the ores. 

3. Near the mouth of Elk Island creek in Amherst county, two 
or more considerable beds of ore are met with, the more eastern of 
which, about half a mile above the mouth of the creek and a quarter 
of a mile above the furnace, is from 4 to 8 feet in thickness where 
explored, and is a brown oxide of iron, sometimes micaceous, con- 
tained in Mic. and Tale. slates. Half a mile westward occurs -an- 
other bed, consisting principally of slaty and micaceous ore, and at 
various points in the vicinity bog ore is abundantly met with, serv- 
ing a useful purpose in union with the compact and micaceous ores. 
As already stated, beds of limestone are found within a short dis- 
tance of the ores. 

4, A little east of the belt of grey granite, formerly described as 
ranging through Campbell county near the Charlotte line, and cross- 
ing the Staunton river at Brookneal, there occurs a prolonged bed 
of ore, similar in character to those above described. About a mile 
NE. of col. Hancock’s dwelling, the width of the bed is 8 feet, but 
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there is reason to believe that at some points it swells out to more 
than double this amount. It here ranges in a NNE. direction, has 
a high eastern dip, and is associated with Mica slates. The ore is a 
brown oxide, sometimes quite compact, sometimes ochreous, and 
occurs in large masses on the east side of Hot (Hat, Ed.) creek, 
(one of the branches of Falling river,) near its mouth, much ore is 
seen on the surface, and has been exposed by diggings—apparently 
the continuation of the bed explored on col. Hancock’s land and its 
vicinity. 

5. Near Rocky Mount in Franklin county, a little north of the 
bed of Steatite formerly described, the Magnetic oxide occurs in 
sufficient quantity to supply a furnace in the vicinity. The ore is 
granular, of a black and greenish black colour, and is associated 
with decomposing micaceous slates—width of the bed varying from 
4 to 6 feet. Another bed of the same description, several feet in 
width, is met with a little north of the village. Impure bog ore 
occurs in the neighbouring meadows, yellow and ochreous, ac- 
companied on the surface with the grains called shot ore. Seven 
miles west of the vilage we meet with the brown oxide in Mica 
slate. 

6. In Patrick county, a little west of Goblintown creek and on 
the east side of Stewart’s Knob, we find the magnetic oxide exposed 
at several places, the main deposit supplying the Union iron works 
in the vicinity, being a bed of from 3 to 6 feet wide, of a fine grained, 
generally black ore, sometimes having a greenish tinge from the in- 
termixed scales of Talc, and sometimes red and ochreous. 

7. In Buckingham county, about a mile east of Whispering. creek 
and nearly in a line with Willis’s mountain, a heavy bed of the mag- 
netic oxide crosses the road leading from Maysville to Ca Ira, and 
may be traced for some distance in a NE. and SW. direction. It is 
from 6 to 8 feet in width, solid and dense, generally bright and 
specular, though sometimes dull. It affects the needle powerfully, 
and is evidently a very rich ore. 

Further details in regard to these, and a similar full account of 
other localities, are reserved for a future time, when the chemical 
examinations connected with the subject, shall have been brought 
to maturity. But it will be seen from the particulars which have 
now been stated, that the portions of the southern region referred 
to are by no means wanting in supplies of this mineral, and that 
some of the most extensive beds are very favourably situated, both 
as regards the limestone so essential in the manufacture of iron and 
an easy conveyance of the products of the furnace to market. 


Rocks exposed in a Geological Section, extending from the Blue Ridge 
at Tye River Gap to Cumberland Courthouse. Course SE. 68 
miles. 


The Blue Ridge at Tye river gap is composed of several mount- 
ains which unite with the main ridge on the eastern side, and by 
the road is 12 miles from the western to the eastern base. 
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Beginning at the western base of the mountain, we find 
the sandstones and slates of No. I. with a high dip to 
the NW. These rocks of No. I. occupy a small hill 
just west of the foot of the mountain, and extend a 
short distance up the side of the Blue Ridge; their 
width as exposed along the road is $ths of a mile. 
Next succeeds a broad range of whitish Granitic rocks, 
soft and decomposing, and presenting no evidence of 
stratification. They continue for 3 miles to the sum- 
mit of the ridge, and about 1 mile down the eastern 
side. These decomposing rocks contain frequent beds 
of Epidotic granite, and especially of a beautiful dark 
grey Syenite, which latter is frequently porphyritic, 
and contains crystals of Felspar 2 inches in length. 
These beds of Granite and Syenite are composed of 
hard, permanent rock, in large irregular masses, not 
stratified. There are also noticed two broad bands of 
sandstone and slate. That on the western side occurs 
about one mile below the summit, is about 200 yards 
in width, and consists of grey and reddish slates, some- 
times micaceous, with associated layers of sandstone, 
conglomerate, greenstone, and greenstone slate. The 
greenstone is sometimes amygdaloidal. These layers 
are horizontal, and with a moderate dip to the SE. 
The other band occurs about 4 mile below the summit 
on the E. side, and presents repeated alternations of 
red and grey slates, white sandstones and conglomer- 
ates. They are nearly vertical, with a high dip to the 
SE., and in width extend half a mile................ 

Continuing down the eastern side of the Blue Ridge, we 
find grey Granitic rocks occasionally inclined to de- 
composition, with several bands of Argillaceous slate, 
and towards the eastern base two or three dikes of 
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From the eastern foot of the Blue Ridge, at the junction 
of the N. and S. forks of Tye river, to about 2 miles 
SE. of Lovingston, the country consists principally of 
Gneiss rocks, which about Lovingston contain frequent 
beds of hard and durable Granite. General dip is 
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The next 3 miles of the section exhibits greenish chloritic 
Granite, Gneiss, and bluish Mica slate, which are ver- 
Se SITIO NEL... Swag act S00 ante SOR eae Se 

This brings us to Findlay’s mountain, about one mile in 
width, consisting of coarse Siliceous sandstone in ver- 
tical strata. This range of sandstone is quarried where 
it crosses Rucker’s run, a few miles SW. from this 
point, and also to the NE., where it crosses Rockfish 
river. This rock, at Patterson’s quarry on Rucker’s 
run, is a hard grey Siliceous sandstone, in large irreg- 
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ular masses, and unequalled in durability. ‘The exten- 
sive quarries of Barnum on Rockfish river furnish an 
excellent stone, easily dressed, and occurring in masses 
of any required size. Along the eastern side of this 
ridge occurs a range of Micaceous Gneiss, which is 
also quarried by Barnum, and a little E. of Patterson’s, 
at Variety mills. All of the rock from these quarries 
is called ‘‘ Granite,” and- has been extensively em- 
ployed for the construction of locks, aqueducts, &c., 
upon the James river canal... J..00. ie cscs Se 1 mile. 
Between Findlay’s mountain and Warminster, 4 miles, we 
cross just E. of the mountain a range of Micaceous 
Gneiss and Mica slate, which are vertical with a strike 
to the NE.—then a range of Soapstone or Steatitic 
slaty rocks, also vertical,—then a range of Greenstone 
succeeded by grey Micaceous Gneiss, which is about 2 
miles in width, and extends nearly to Warminster. It 
is quarried and used for the common structures of the 
canal at-the latter place :. . ): 0G GRe eee aes 4 miles, 
At Warminster the rocks are Mica slate with a high west- 
erly dip. In Yancey’s cliff, on the E. side of James 
river, immediately opposite the village, a belt of lime- 
stone is exposed having a width of about 75 feet. It 
occurs in thick layers or strata which are highly in- 
clined and rise up from the river to the height of more 
than 100 feet. Several varieties occur here, white, 
reddish and blue, and varying in texture from close 
granular to slaty and micaceous. It is quarried exten- 
sively for the locks and other works on the James 
river canal. Dip NW. 60°. The country along the 
section, from Warminster towards Maysville consists 
of Micaceous slates with frequent beds of Gneiss. The 
dip soon changes from a westerly to an easterly one, 
and so continues to Maysville. West of Maysville we 
cross a range of Hornblende slates, which furnish a 
rich red soil. At Slate river, near the village, we come 
again upon Mica ‘slates..(2.00. 25 0569 22 15 miles. 
From Maysville to Willis’s mountain, 9 miles, the line of 
section crosses Micaceous and Talcose slates, especially 
the latter, which contain frequent veins and beds of 
Quartz, some of which are auriferous. This is the 
Gold belt of Buckingham county. The slates dip at 
an angle of from 30° to 60° to the SE.............. 9 miles, 
Willis’s mountain is double, and consists of two knobs 
with a low gap between. It consists of a’ whitish 
Gneiss, generally quartzose, sometimes micaceous, 
which abounds in whitish Cyanite disseminated 
through the whole mass of the rock, and frequently 
in crystals. The rock composing Willis’s mountain dif- 
fers from all in its vicinity, and appears to have been 
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elevated from below through the surrounding slates. 
The western face of both knobs is precipitous from 
midway to the top, and the eastern side of the north- 
ern or larger knob presents the same character. Ex- 
posed surfaces of the rocks acquire a reddish ferrugi- 
nous stain, and some of the slates about the base of 
the smaller knobs have such a ferruginous aspect, that 
the absence of proper weight will alone distinguish 
them from ores of iron, upon a mere inspection. The 
rocks of Willis’s mountain dip 20° to NW., while the 
Mica slates and Gneiss which surround it all have a 
dip, and generally a high one to the SE............. 1 mile. 
From Willis’s mountain towards Ca Ira the section passes 
over grey Gneisses with a high easterly dip, which are 
traversed by several ranges of Greenstone. About 24 
miles west of Ca Ira the section crosses a narrow range 
of red sandstone, which lasts nearly to the village. 
This range consists of red Shale and Conglomerate, 
and contains embedded globular concentric masses of 
Greenstone. Dip of these red rocks is gentle to the 
SW., and the dip of the slates on each side is SE. 
They are evidently a deposite of not much depth, mere- 
ly filling a hollow or basin in the Micaceous slates be- 
low, upon the edges of which they rest unconformably. 
The section crosses near the northern termination of 
this narrow range of sandstone, which continues south 
and west by Farmville to beyond Prince Edward court- 
house, and there becomes associated with a black Shale 
containing seams of bituminous coal................ 8 miles, 
Between Ca Ira and Cumberland courthouse the rocks con- 
sist of grey Gneiss, sometimes arenaceous, with a gen- 
tle dip SE., as at Willis’s river and Rocky run, and to- 
wards Cumberland courthouse they appear as white 
felspathic Gneiss, decomposing. and furnishing much 
porcelain or chinaslay. Dip gentle SE.............. 5 miles. 


SECTION IV. 


OF THE MIDDLE SECONDARY SANDSTONES, SUYALES AND CONGLOM- 
ERATES OF THE SOUTHERN DISTRICT—EAST OF THE BLUE RIDGE, 


CHAPTER 1. 


General Features of this Formation. 


Tue rocks of the formation here referred to, though differing 
greatly among themselves as to the nature and mechanical condition 
of the materials of which they are composed, are distinguished from 
all others in this region by peculiar and well marked features. 
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In the first place they are obviously made up of the re-united 
materials of other and of course older rocks, in fragments of all di- 
mensions, from the minutest grain to masses weighing many pounds, 
sometimes associated in strata of comparatively uniform texture 
throughout, and sometimes very heterogeneously assembled. 

The coarser materials of these strata are distinct and easily recog- 
nized fragments of Granite, Gneiss, Hornblende slate, Mica slate, 
Epidote, Quartz and other rocks, such as are usually met with in the 
wide belt of country extending from the eastern flank of the Blue 
Ridge to the head of tide, and stretching in a southern and south- 
western direction through the Carolinas far into the state of Georgia: 
The more comminuted matter is identical in composition with the 
grey, yellowish, red and particoloured sands and clays, produced by 
the decomposition of the rocks referred to, and which are to be met 
with very generally covering them to a greater or less depth. 

All the larger fragments, and even the particles of sand entering 
into the composition of these strata, present more or less of a rounded 
outline. This feature is most strikingly displayed in such fragments 
as are.of a nature to be readily worn by mutual attrition, or by the 
agency of moving water, as for example, Hornblende slate, Mica slate, 
Chlorite slate and Gneiss, all of which are usually met with in the 
form of oval pebbles, while the fragments of Quartz, a much harder 
rock, embedded beside them in the same mass, are seen to retain 
their sharp edges and projecting corners almost unaltered. In frag- 
ments of very large size this configuration is less conspicuously seen, 
though even these, while preserving much of their rectangular or 
polygonal form, exhibit unequivocal proofs of the same wearing 
agency. 

While much variety is displayed in the colour of these strata as 
presented in different localities, the predominating tint of the entire 
range of the formation is a deep brownish red, not easily distin- 
guished from the hue of those soils in the surrounding region, which 
owe their complexion to the decomposition of the prevailing Epi- 
dotic, Hornblendic and Trappean rocks. This more usual tint is 
often seen alternating with shades of grey, yellow and green, and 
a some cases over wide tracts is almost entirely superseded by 
them. 

In general the conglomeritic structure, though of frequent oceur- 
rence, is confined to comparatively narrow portions of the belt occu- 
pied by these strata, the majority of the beds being made up of sand- 
stones and shales, composed of siliceous and argillaceous particles 
mingled in various proportions, but in most cases the former being 
present in large excess. The loose coherence of these ingredients 
leading to the rapid disintegration of the strata when exposed to the 
weather or to denuding agencies, has caused their extensive destruc- 
tion near the surface, and has imparted a glady character to much of | 
the region over which they spread. As might be anticipated from 
the texture of the soil thus formed, as well as of most of the under- 
lying rocks, the region of these shales and sandstones is deficient in 
bold and steady springs, and though covered with a soil of easy cul- 
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tivation, and of some fertility in the lower levels, is peculiarly ex- 
posed to injury in seasons of drought. 

Being exclusively of sedimentary origin, and containing at many 
points both animal and vegetable remains, the middle secondary 
strata would at first view appear to be closely allied to the sand- 
stones, shales and conglomerates of some of the Appalachian forma- 
tions as presented in the hills and valleys on the other side of the 
Blue Ridge. Geologically considered, however, they belong to a 
later epoch in the physical history of our continent than any of the 
groups of strata in that portion of the state, or even in the region 
extending thence to some distance beyond the Mississippi. Of their 
position in the scale of secondary formations it will be sufficient for 
the present to observe that while the widely expanded coal measures 
of our Trans-Alleghany region which extend over our western coun- 
ties and a large portion of eastern Ohio, and in virtue of successive 
gentle undulations, are again repeated in the vast coal basins of In- 
diana and Jllinois and of Missouri, are admitted to occupy a station 
low in the series of secondary formations, and while another group 
of strata, including the green sand and rotten limestone of New 
Jersey and Alabama, exposed in certain districts of these states, as 
well as of Tennessee and Mississippi, and elsewhere, are placed in 
the highest position in this series, the rocks of which I am now treat- 
ing bear evidence of an intermediate geological date, and hence have 
been denominated by professor H. D. Rogers and myself the middle 
secondary formation. 

Before describing in detail the limits of the interrupted belt or 
series of large islands formed of the middle secondary strata in the 
southern district to which I am now particularly referring, it may 
be well to remark that in the explorations of a former season, the 
same formation was met with in the northern portion of the state 
in a nearly similar position in regard to the Blue Ridge, but though 
crossed at that time in various places in Culpeper, Fauquier and 
Prince William counties, and examined with some attention in par- 
ticular localities, the general objects then in view did not admit of a 
connected series of observations for determining its boundaries, and 
the various details relating to its structure and composition. But 
though these accurate results remain for the labours of another sea- 
son, enough was then observed to furnish the means of comparing 
the formation there exposed with that recently explored in all its 
details in the southern district, and to give the fullest assurance of 
their identity. That it is not unimportant to have clearly ascertained 
this fact, will readily appear when it is considered that the forma- 
tion as presented in the northern district of our state is prolonged 
into Maryland, stretches with little or no interruption entirely across 
that state and Pennsylvania, traverses New Jersey as far as the 
Pallisadoes on the North river, and there is every reason to believe 
is again presented in the valley of the Connecticut, while its south- 
ern portion in Virginia, after being interrupted near the state line, 
quickly reappears and extends in considerable breadth for some dis- 
tance into North Carolina. . 
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In comparing the strata of the discontinuous tracts occupied by 
this formation within our own borders, our deductions, founded 
upon an examination of the materials, structure and dip of the 
rocks, in all of which a striking resemblance is every where preserved, 
have been not a little aided by the occasional discovery of organic 
remains. Thus the black polished rhombic fish scales, found in the 
bituminous shales near Farmville, and at Leakesville' in N. Carolina, 
and in Fauquier county, and the minute shells found in a dark slate 
near Flournoy’s in Prince Edward and at Leakesville, together with 
various impressions of vegetable origin, have served to give validity 
to the conclusion otherwise deduced of the identity of the forma- 
tions at these remote positions. 

The rocks of this formation in Virginia being confined to a belt 
of country removed to some distance eastward of the Blue Ridge, 
while, except in a single instance, the lower members of the Appa- 
lachian series no where spread eastwardly from the great valley into 
the same region, our middle secondary is never met with adjoining 
or overlying the Appalachian rocks, as is frequently the case in 
Maryland and Pennsylvania. This entire separation of the two is 
important in explaining the comparatively small amount of calcare- 
ous matter in the form of pebbles or minute particles contained in 
the rocks of that portion of the middle secondary which traverses 
Virginia. In New Jersey, Pennsylvania and Maryland, the shales 
of this formation are calcareous, and the coarse conglomerates are 
Jargely made up of pebbles of limestone identical in character with 
the beds of that rock appertaining to the Appalachian series, occur- 
ring in the adjoining and surrounding region. 

The well known Potomac marble, a highly ornamental rock, 
composed in great part of such fragments, united generally by an in- 
tervening reddish shaly material of a more or less calcareous com- 
position, though forming in Maryland a conspicuous portion of the 
middle secondary strata, and often occurring in thick beds in the 
same geological connection in Pennsylvania and New Jersey, is seen 
rapidly changing its composition as it is prolonged towards the south, 
presenting comparatively few limestone pebbles in Fauquier, still 
fewer in Culpeper, only here and there a single fragment in the 
neighbourhood of Barboursville in Orange county, and no massive 
and very little diffused calcareous matter in its extension through 
the counties south of the James river. Yetso marked a resemblance 
of the coarse conglomerates in many portions of this region in which 
they are almost devoid of calcareous matter to the Potomac rock, 
produced the similarity in the cementing material and in the non- 
calcareous fragments of the two, that at a little distance they might 
readily be confounded. As a striking instance of this general like- 
ness, I would point the observer to the interesting series of ex- 
posures presented along the line of the James river canal for some 
miles below the mouth of Rockfish, in which the character of this 
conglomerate as it occurs in this portion of the middle secondary is 
finely displayed, not only on the faces of the newly bared cliff, but 
in the piles of large fragments on the river side of the canal. 
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A feature of much interest in the geology of this formation, is 
the almost universal prevalence of a NW. or NNW. direction in the 
dip of the strata, a fact which has been observed not only through- 
out the region more particularly referred to in this place, but at all 
the other exposures that have been examined within the state. The 
same direction of dip has been noticed by myself in these rocks in 
the southern part of Maryland and in North Carolina, and has been 
traced over a much greater extent of the formation by my brother 
professor H. D. Rogers, in the course of his minute explorations in 
Pennsylvania and New Jersey, where this group of rocks is devel- 
oped on a wider scale. 

This interesting fact viewed in connexion with the nature and 
mechanical condition of the materials composing these strata, sug- 
gested to my brother early in his investigations in the states before 
mentioned, very important inferences, since fully sustained by my 
observations in Virginia as well as Maryland and Carolina, as re- 
gards the directions in which the powerful currents flowed while 
conveying the detrital matter to the region in which it was depos- 
ited as now seen layer upon layer in conforming slope, and the geo- 
graphical position of the territory from whose surface these mate- 
rials were washed and torn away. Without entering at large into 
these deductions, of which an extended account would be inappro- 
priate in this place, it may for the present be remarked, that nearly 
if not all the matter of which these strata are composed, may with 
confidence be traced to the wide primary region lying to the south 
and east; the currents coming in from that direction, bearing with 
them the red soil and coarser materials so abundantly furnished by 
the Hornblendic and other rocks there extensively spread out. These 
transported matters would appear to have been conveyed into a pro- 
longed estuary or trough having a general direction from SW. to 
NE., and being deposited in successive layers commencing at its 
southeastern margin, would naturally assume the attitude of strata 
dipping to the northwest. 

It is not a little curious to observe that strata apparently apper- 
taining to a corresponding formation in Nova Scotia and New Bruns- 
wick, and consisting of materials analogous to those of our middle 
secondary rocks, are described as very generally presenting the same 
northwesterly dip. 

Before concluding this short sketch of the most interesting gen- 
eral features of the formation, I would call attention to what I con- 
sider the true explanation of the important fact, already incidentally 
mentioned, of the non-existence of limestone pebbles, or even of 
diffused calcareous matter in any considerable amount in these 
strata as presented in our southern counties. This explanation I 
conceive is found in the absence of calcareous rocks throughout the 
region lying towards the southeast of this portion of the formation. 
The bands or ovoid patches of Micaceous and Talcose limestone, 
ranging near the southeastern margin of the middle secondary in 
most of the belt of country through which it passes north of the 
James river, continuing their general direction nearly in a line with 


320 


the long reach of this river between Scottsville and Lynchburg, 
make their appearance in the counties further south to the north- 
west of this formation, at the distance of several miles from its near- 
est boundary. So long as any of these limestone beds are found ex- 
tending along its eastern verge, limestone pebbles are to be met with 
in the conglomerates, and even where these beds have thinned away 
to an insignificant layer, such fragments occasionally present them- 
selves. Moreover, the resemblance of these pebbles to the calca- 
reous rocks from which they are supposed to have been derived, 
affords a striking confirmation of this view of their origin, and thus 
also furnishes a strong argument in favour of the inference of my 
brother in regard to the direction in which the materials generally 
of this formation were transported. These facts considered, it 
would seem reasonable to conclude that the non-existence of lime- 
stone in the region lying to the southeast has been the cause of the 
almost entire absence of calcareous matter in the southern portion 
of the formation in Virginia, and that in its prolongation south, this 
ingredient is not to be looked for unless where bands of limestone, 
having the required position, are presented. 


CHAPTER 2. 


Boundaries of the Middle Secondary Formation in the 
Southern District. 


In proceeding briefly to describe the limits of the formation as 
developed in this portion of the state, I would premise that the sur- 
face covered by it is not in the form of one continuous belt, although 
probably such was the case when the strata were first deposited, 
but consists chiefly of tao oblong tracts, the one extending from the 
state line near the southeast corner of Henry county, with an inter- 
mission of some miles near the line, to a point a little below the 
mouth of Rattlesnake creek in Campbell county, thus covering the 
southeast angle of Henry county, passing entirely across Pittsylva- 
nia, and more than half way across Campbell, and in its course en- 
croaching a little on the NW. angle of Halifax county; the other 
lying eastward of the prolongation of the former, traversing the 
northern part of Prince Edward county from a point about four and 
a half miles SSW. of the courthouse to the Buffalo river above 
Farmville, but broken in this distance by a wide interval in the 
neighbourhood of King’s tavern, thence ranging through the south- 
west corner of Cumberland, and at the same time spreading over 
into Buckingham county, skirting Willis’s river in the former, and 
terminating at a point about two miles north of Ca Ira. 

A little northwest of the direction of the former of these tracts, 
supposing it to be prolonged, the formation again appears about a 
mile below Warminster on the James river, thence extending with 
an increasing breadth and a direction bending around more towards 
the east along the northeast corner of Nelson, covering a small strip 
on the south side of the James river, and its great bend, in Bucking- 
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ham county, and passing through the adjoining corner of Albemarle, 
whence it continues into Fluvanna, where, within a short distance 
of the line, it terminates. The northeastern portion of this tract, 
or that lying in Fluvanna county, as well as part of the adjacent re- 
gion covered by the same formation in Albemarle, not having yet 
been traced with sufficient minuteness for defining their limits, will 
be omitted in the following details. 


Tract of the Middle Secondary lying in Pittsylvania, Halifax and 
Campbell Counties. 


Measured from the state line to its termination in Campbell 
county, omitting the hiatus between the villages of Cascade and 
Bachelor’s Hall, the length of this tract is about sixty-two miles. 
At its widest part, near Riceville in Pittsylvania, its breadth is 
rather more than six miles, but this dces not continue long in either 
direction. Its average breadth may be estimated as about four 
and a half miles. This therefore would make its area about two 
hundred and eighty square miles. 

Beginning at the state line, the boundary of that portion of the 
tract south of the interruption before spoken of, which portion is 
in fact but a continuation of the formation which in North Carolina 
follows the course of the Dan river, passing through Leakesville, 
Sawratown, &c., may be traced by a line drawn about a mile east 
of Cascade creek and nearly parallel to it, passing through a point 
a little east of the village of Cascade, thence turning westwardly so 
as to cross the creek about five miles from the state line, and sweep- 
ing around to a southwestern direction, intersecting Smith’s river 
near the same line. 

Between the termination of this area on the NE., and the re- 
appearance of the formation at the SW. extremity of the White 
Oak mountain, is a space of about three and a half miles in width, 
in which only primary rocks are to be seen, though circumstances 
strongly indicate that the strata of the middle secondary once ex- 
tended continuously across it, and have been removed by the violent 
denuding power of one of those currents, by which at various points 
the formation appears in former times to have been deeply lacer- 
ated or swept away. 

Northeast of this interval, in the formation, its limits are marked 
out by a line drawn entirely around it in such manner as to have 
the directions and pass through the points enumerated below. 

From a point about one and a fourth mile to the north of Bache- 
lor’s Hall, where the line is supposed to commence its course, it is for 
some distance westward, then inflected in passing around the end 
of White Oak mountain, so as to form a curve, maintaining a nearly 
uniform distance (one mile) from the road leading to Dallas’s bridge. 
Taking now a nearly straight course as far as Bannister river, it 
stretches along the northwest flank of the mountain about one mile 
east of Fitzgerald’s and of Chestnut’s store, crossing the river about 
the same distance below the mouth of White Oak creek. From this 
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vicinity it assumes a more northerly direction, crossing Cherry 
Stone creek about two and a half miles above its mouth, passing on 
the east within two miles of Pittsylvania courthouse, (Competition 
on the map,) then about one mile east of the White Thorn tavern, 
where it crosses White Thorn creek, and thence turning still more 
to the north to the main road at George’s creek, and after this with 
a sudden eastern bend to Chalk Level. Recovering its original 
direction by a quick bend, after leaving this point it crosses Staun- 
ton river a short distance above the upper end of Long Island, 
passes near the mill on Molly’s creek, intersects the road leading 
from Campbell courthouse to Reid’s bridge on Falling creek, about 
one and a half miles from the bridge, and with a very gentle curve 
reaches the northeastern extremity of the tract near the mouth of 
Rattlesnake creek on the same river. 

Turning now to the south to form the boundary o on the south- 
east, this line soon assumes a direction but slightly diverging from 
its course on the opposite side of the tract, passes miles west of 
Nowlan’s, thence in a nearly straight course across Staunton river 
about half a mile below Pannel’s bridge, thence with some gentle 
flexures to a point to the west and within a half a mile of Riceville. 
From this point it bends gently around more towards the west, so 
as to diminish the width of this portion of the tract intersecting the - 
road leading from Danville through Pleasant gap in the White Oak 
mountain, at the distance of about five and a half miles from Dan- 
ville, and after a southeastern turn, which brings it within three 
quarters of a mile of the Dan river, sweeps around with rapid curve 
to the point a little north of Bachelor’s Hall, where it commenced. 


Tract of the Middle Secondary lying in Prince Edward, Cumber- 
land and Buckingham Counties. 


As already mentioned, this area is interrupted by a wide interval 
in the neighbourhood of King’s tavern, extending for a distance of 
about two miles, measured in a north and south direction by a line 
passing through King’s, the space thus bare of the middle second- 
ary strata being occupied by Mica slate, Gneiss, Granite, Sienite 
and other rocks, altogether of a primary character. 

A short distance south of the courthouse we come upon the 
northern margin of these strata, forming part of the boundary of a 
small oval patch whose greatest. length, from NE. to SW., is not 
quite two miles. This on the east is marked by the course of the 
Briery river, which flows along and sometimes a little within its 
margin. On the west it extends to within from a half to three 
quarters of a mile of the main road from Charlotte courthouse to 
Farmville, having for its greatest breadth a line of about a mile in 
length, passing through a point known as Flournoy’s coal pit. 

‘The main tract of the formation in this part of the state, com- 
mencing about half a mile north of King’s, is bounded on the west, 
as far as Buffalo river, by the road leading i in a NE. direction from 
Hampden Sidney college to that stream, and on the east by a line 
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nearly parallel to Buffalo creek, and distant from it about half a 
mile, terminating at the Appomattox river on the edge of Farm- 
ville. In the wedge shaped area between the Appomattox and 
Buffalo rivers, the strata of the middle secondary have been nearly 
all removed or covered by alluvial material, but north of the former 
stream they are again exposed for a distance of about one and a 
half miles, extending from a point upon the Bizarre estate about half 
a mile above Farmville, up the river to within a few hundred 
yards of the point marked on the map as Sandy Ford bridge. The 
tract north of the river has for its eastern boundary a line running 
nearly due north from the point on the Bizarre estate already re- 
ferred to, passing a little west of the intersection of the Clover 
Forest road and that leading from the turnpike in a western direc- 
tion to Dry creek, and crossing the former about a mile from the 
intersection just mentioned, then turning towards the east and run- 
ning again northwards from a point about three quarters of a mile 
west of Raine’s tavern in Cumberland, to near the intersection of 
Little and Great Willis’s rivers, whence, with a nearly NE. course, 
it extends west of Ca Ira about a quarter of a mile, crosses Raine’s 
creek near its mouth and reaches the northern extremity of the tract 
about midway between Raine’s and Buffalo creeks. 

From this point the line in question turns rapidly through a NW. 
to a SW. direction, crossing the Ca Ira road about a mile and a half 
from Ca Ira, intersecting Great Willis’s river about a mile east of 
Kurdsville in Buckingham county, passing immediately east of Mrs. 
Hendrick’s, and thence taking a nearly due south direction to the 
point below Sandy Ford bridge before mentioned. 

The entire length of this irregular tract, from the most southern 
exposure of the strata in Prince Edward, to the most northern in 
Cumberland county, may be stated at twenty-two miles. Its greatest 
breadth, to wit: in the parallel of Kurdsville, is about four miles, 
and its average width approximately one and a half miles, making 
an area of about thirty square miles. 

From these details in regard to the boundaries of the tracts in 
question, it is believed that by a careful reference to the state map, 
an accurate picture may be formed of their geographical position and 
extent, and I would respectfully recommend to such as are interested 
in the subject, to read the above details, pencil in hand, so as to 
trace upon the map the limits thus marked out. 


CHAPTER 3. 


Characters and Contents of the Middle Secondary Strata in the 
Tracts above described. 


Of the structure and composition of the rocks of this formation, 
as found in other parts of the state, and in other states, a general 
account has already been given, in the course of which also particu- 
lar reference has been made to the chief peculiarity presented in the 
strata as developed in the tracts now under consideration, 
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For the more particular illustration of their character and con- 
tents, it will be sufficient for the present to select a few facts from 
the large body of details collected. 

Commencing with that portion of the formation lying near the 
state line, and to the south and west of the village of Cascade, the 
prevailing rocks met with in crossing the tract are dark red, yellow- 
ish, and grey sandstones, and blackish slates, with but little rock 
* coarse enough to be called a conglomerate. 

The following details of a section from Cascade due west across 
the formation include the principal strata here met with: 

1. A short distance east of the village, on a small run, occurs a 
bluish slaty sandstone, immediately adjacent to which, on the east, 
are heavy beds of coarse Granite. 

2. Next we find a dark sandstone alternating with a dark com- 
pact slate, slightly calcareous. 

3. Next deep red sandstone, very slightly calcareous. 

4. Next a dark bluish brown slate, with layers of argillaceous 
sandstone, somewhat similar in hue. 

5. Next fine red sandstone, argillaceous, and slightly micaceous, 
followed by a coarse red sandstone. 

6. Next yellow slaty sandstone followed by soft red argillaceous 
sandstone of a fine grain, to which succeed the primary rocks bound- 
ing the formation on the west. 

In the prolongation of these rocks in a southwestern direction 
into North Carolina, heavy beds of blackish soft slate or shale make 
their appearance, and are well exposed at the bridge over the Dan 
river just above the mouth of Smith’sriver. These shaly strata con- 
tain indistinct impressions of vegetables, and very perfect casts of a 
delicate bivalve shell, and are underlaid by several layers of hard 
slaty rock which is somewhat calcareous. 

The dark colour and rather carbonaceous character of these 
shales has given rise to the opinion that they contain a valuable 
seam of coal, for the exploration of which operations have, it is un- 
derstood, been actually commenced. At Linsey’s, three miles above 
Leakesville, in shales of the same character, which are here observed 
frequently to alternate with red and grey sandstones, two shafts 
have been sunk in search of coal, and a small seam of dark carbon- 
aceous matter has been explored, consisting of alternating layers of 
coal and slate, the aggregate thickness of the former probably not 
exceeding one foot. It is a non-bituminous coal, generally compact 
and lustrous, and bearing a striking resemblance to a very common 
variety of the Pennsylvania anthracite. Its composition in the 100 
grains is as follows: 


OATDON, sce os op race ee oie tk bees a ss ee 83.12 
Volatile matter, «2.0.0 2 Vor >. 7.76 
AGM, gids iaswirusnsd4 Soo nolticggssad en 9.12 


As from the partial success that has attended the explorations in 
the vicinity here referred to, some incentive might seem to be justly 
furnished for undertaking similar enterprises in parts of the same for- 
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mation within the limits of Virginia, it was thought proper to direct 
particular attention to the above localities, notwithstanding they lie 
beyond the geographical boundaries of the state. I may therefore 
mention as the result of these enquiries, that from the facts observed, 
no reasonable hope can be deduced of finding either at the points re- 
ferred to, or in the neighbouring portions of the formation in Vir- 
ginia, any seam of sufficient thickness and extent to prove of real 
economical importance. The existence of carbonaceous layers con- 
taining small portions of coal, sometimes of great purity, at various 
points in the range of this formation, far from being improbable, is 
what might naturally be expected from the views already stated as 
to the origin of the materials composing the middle secondary strata 
in general. But looking to the fact already stated, that the rocks in 
question belong undoubtedly to a later epoch than that of the great 
coal formation of this and other countries, an epoch marked by the 
deposition of strata distinguished for their barrenness of vegetable as 
well as animal remains, no encouragement to expensive enterprises 
of research can be derived from these merely local, and as it were, 
accidental accumulations of vegetable matter. 

Remarks similar in purport to the above, published in my annual 
report some years ago, were suggested by a mere cursory examination 
of the formation as disclosed in Fauquier, Prince William and Cul- 
peper, though at the time but an imperfect knowledge of the geolog- 
_ ieal character of this formation had been attained. 

The examinations since made in various parts of the middle 
secondary tracts in Virginia, as well as those of my brother in Penn- 
sylvania and New Jersey, have only served to establish the truth of 
the opinion early formed as to their non-productiveness in coal to any 
valuable amount. It is therefore hardly necessary to remark that 
the same views are to be applied in regard to the indications of coal, 
and the thin seams of coal and carbonaceous matter met with at some 
places in the middle secondary strata of Cumberland and Prince Ed- 
ward counties, to which particular reference will hereafter be made. 

Recurring to the strata of the southern tract, and pursuing them 
north of the hiatus formerly noticed, we find them largely composed 
of dark and light grey sandstones, which with an intermixture of 
red slates and sandstones, constitute a considerable ridge called 
White Oak mountain. These rocks, spreading to some distance from 
the flanks of the mountain on both sides, and forming a glady and 
sandy region, are sometimes coarsely conglomeritic, a feature here as 
well as generally throughout the formation, most conspicuously dis- 
played along its western verge. Of this, an interesting example is 
seen where the Dry fork, one of the branches of White Oak creek, 
is crossed by the road. The conglomerate at this point consists of 
large fragments of Granite, Gneiss and Quartz. At George’s creek, 
near Chalk Level, this rock presents the curious character of a soft 
red sandstone variegated with yellow and white, in which are em- 
bedded, as in a paste, large rolled masses and pebbles of light red 
Granite, flesh coloured Felspar, Talcose Granite, Gneiss, and red, 
white and blue Quartz. 
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Where the formation attains its greatest breadth, which is nearly 
in the line joining Chalk Level and Riceville, the following rocks 
are met with: 

1. Commencing a little west of Riceville in descending the hill 
towards Bannister river, where the contact of the primary rocks 
with the middle secondary is beautifully displayed, the last of the 
formation is a greenish argillaceous slate, dipping very steeply to 
the southeast. 

2. A little lower in the hill, and resting on the edges of this slate, 
we see the beds of sandstone and red shale containing embedded 
fragments of Granite and other primary materials, dipping at a high 
angle to the northwest. 

3. These continue until we come to strata of red shales and sand- 
stone of finer texture in the valley of the river. 

4, We then have red and grey and bluish sandstones, the two 
former containing fragments of Felspar. These continue alternat- 
ing with little variation to near Chalk Level, where the primary 
rocks again recur. 

Crossing the tract near its northern extremity in the direction of 
the road by Reid’s bridge to Charlotte OC. H., we meet with the fol- 
lowing strata: 

1. On the western side, red and grey sandstone and eGR eer: 
ate, the first predominating, the last forming irregular masses, con- 
sisting of large pebbles of Quartz, Mica slate, Granite, &. 

2. Red shale and fine grained red sandstone. 

Throughout all this tract, as formerly indicated, the dip of the 
strata is to the NW., the angle of inclination varying from point 
to point, being as much as 40° at the White Oak mountain, 30° at 
Mt. Airy, 40° at Pannil’s mill, and in general lying between 20° 
and 40°. 

The rocks of the middle secondary tracts of Prince Edward, 
Cumberland and Buckingham counties, are for the most part identi- 
cal in character and contents with those of the more southern tract 
just illustrated, the chief points of difference between them being 
the greater prevalence in the former of greyish sandstones and car- 
bonaceous shales, containing impressions of shells and vegetables. 

The following are the principal strata presented in crossing the 
tract north of the Appomattox river in a direction from Raine’s 
tavern (Cumberland) towards Kurdsville: 

1. Within one and a quarter mile of the eivenn: we come upon 
the margin of the middle secondary rocks, here consisting chiefly 
of soft grey sandstone with some vegetable impressions, and a thin 
seam of impure carbonaceous matter exposed on the farm of William 
S. Walton. 

2. Red and green shales and sandstones, hard and soft, appear- 
ing on the road in ledges for a distance of nearly two miles. 

8. Yellowish and brown soft sandstones, and near Cook’s mill a 
ledge of bluish slaty sandstone, containing a spiral univalve shell 
and the rhombic fish scale. 

4, Yellowish and reddish shales and sandstones, 
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5. On the western margin of the formation nearly opposite Mrs. 
Hendrick’s dwelling, an extremely coarse conglomerate. 

The conglomerate here referred to, which also makes its appear- 
ance one and a half miles west of Lackland’s tavern on Mr. Harrison’s 
farm, and at other points in the same line, consists of large nearly 
angular fragments and large pebbles of primary rocks, cemented by 
a coarse red shaly paste. At Mrs. Hendrick’s the embedded masses 
are chiefly the following: Felspathic Gneiss, Hornblende Slate, 
Epidote, Granite, Quartz, and Hornblende Gneiss. Among which 
is to be seen a nearly prismatic fragment 2 feet long by 8 inches 
wide, as well as many others closely approaching it in size. The 
huge dimensions of these fragments, especially at the latter place, 
entitle the locality to rank among the geological curiosities of the 
state, and will not fail to excite the admiration of the observer when 
viewed as commemorating the mighty energy of the moving waters 
by which these enormous masses were torn away from their parent 
beds and transported to the position in which they are now found. 

At numerous places in this tract the shales and sandstones pre- 
sent thin seams of carbonaceous matter, bearing much resemblance 
to the dead coal often seen at the outcrop of a true coal seam, and 
at some points a small amount of impure bituminous coal has been 
found. ‘The nearest approach to a seam of valuable extent is pre- 
sented on the land of Mr. Flournoy, situated near the southern ex- 
tremity of the small oval patch of middle secondary lying south of 
Prince Edward C. H. Here the seam, as explored by a small shaft, 
is associated with brownish sandstones and shales, and is said to 
have measured nearly two feet in thickness. 

In borings at Morton’s mill and on the Bizarre estate, the former 
descending to the depth of two hundred, the latter of ninety feet, 
similar dark shales and brownish sandstones were encountered, en- 
closing several very thin seams of bituminous coal. At the former 
place the shales are impressed with the rhombic fish scales, and the 
sandstones with vegetable stems and leaves, and these rocks, besides 
being slightly calcareous throughout, contain thin layers of impure 
limestone, a character, as formerly noticed, but.rarely occurring in 
the southern portions of our middle secondary. 

_ The thin seams of carbonaceous matter before referred to are 
found near the surface at col. Wilson’s, Mr. Anderson’s and Mr. 
Walton’s, the locality before noticed, and appear to be of very com- 
mon occurrence. Usually the material of these seams is a friable 
mixture of carbonaceous and earthy matter, seemingly intermediate 
between peat and coal, but in some places it has the character of a 
hard bluish black mass of rather porous texture, and inclining some- 
what to a columnar structure, bearing a strong resemblance to a 
compact mass of coke. The fact hereafter to be adverted to of the 
very frequent occurrence of dykes of igneous rock in this portion of 
the middle secondary tract, would favour the opinion that the mat- 
ter in question is but a modified form of the ordinary carbonaceous 
material caused by the high temperature of these rocks at the time 
of their intrusion among the middle secondary strata. 
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After a careful examination of various exposures in which these 
thin seams, as well as indications of coal are found in the tract in 
question, it may be safely stated that no facts have been met with 
to warrant a more favourable opinion of the extent of coal it con- 
tains than that already expressed under a preceding head, and as on 
first appearances the simulated coal seams above described may 
prove an enticement to mining adventures, I feel it to be my duty 
to discourage all enterprises of the kind as little likely to be attended 
with even partial success. 


CHAPTER 4, 


Igneous Rocks occurring in the Middle Secondary Tracts. 


At many points within the area covered by the sedimentary 
strata of this formation, we meet. with beds of a hard, ponderous, 
dark coloured rock, remarkable for the rounded form in which it 
spontaneously separates when acted upon by the weather, as well 
as for the peculiar rusty coating and concentric structure of its ex- 
terior produced by the same cause. These beds, or rather dykes, 
far from constituting a part of the formation in which they occur, 
are due to totally different and for the most part later agencies. 
They are in fact the Trap or greenstone rocks of the geologist, and 
are igneous products, bearing close analogy to some of the results 
of volcanic action. Instead of lying conformably with the neigh- 
bouring strata, and therefore in the tracts of which I am now treat- 
ing, dipping to the northwest, they are found rising through the 
beds of shales and sandstones that enclose them, forming in some 
cases a distinct ledge or wall, and thus severing completely the 
connection of the opposite portions of the same bed. The strike or 
range too of these dykes, instead of being nearly NE. and SW., as 
is generally the case in the rocks around, pursues a course nearly at 
right angle with that direction, being for the most part about NW. 
and SE. 

It would thus appear that subsequently to the deposition of the 
middle secondary strata through which they penetrate, these igne- 
ous materials have been forced in among them from beneath, filling, 
while in a molten state, the fissures created by the accompanying 
subterranean movements, and not unfrequently entering between 
the layers of sedimentary rock, or pouring out and overspreading 
them at the top. 

As might be expected, the effects of intense heat are often strik- 
ingly exhibited by the strata adjacent to these dykes, and as many 
curious examples of these effects are to be met with in our middle 
secondary region, it will not be deemed inappropriate to enumerate 
the more important of them in this place. They may be thus briefly 
described : 

1. A great induration of the sedimentary material, so that from 
a soft shale or sandstone, it is converted into a hard sonorous mass, 
yielding with difficulty to the hammer. 
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2. A greater or less obliteration by a partial fusion of the sepa- 
rate constituents of the rock, thus incorporating the various parti- 
cles, and even fragments of considerable size, so completely as to 
render their recognition as originally distinct, difficult and sometimes 
impossible. 

3. A marked change of colour, owing to the chemical combina- 
tions induced. 

4. The development of distinct crystalline matter, sometimes 
sparsely, sometimes abundantly, through the mass, so that what was 
formerly a mere aggregate of red sand and clay, becomes a bluish 
or greenish rock, studded with beautifully perfect crystals, pro- 
duced by the chemical union in definite proportions of certain in- 
gredients of the shale or sandstone originally only mingled in a 
loose mechanical way. 

Without pausing to describe the various instances in which our 
middle secondary strata evince the modifying effects of adjacent 
igneous rocks, I will content myself with citing a single but con- 
* spicuous example. 

This is to be seen onthe James river a little above Warren. The 
middle secondary, whose eastern margin crosses the river from the 
hill below the ferry house to a point a short distance below Warren 
is here composed of alternating beds of red shale and coarse red 
conglomerate, containing rounded fragments of Quartz, Epidote, 
Hornblende slate and other primary materials, ranging N. 50° east, 
and therefore very obliquely to the stream, the harder of these beds, 
the conglomerate, is seen crossing it in numerous parallel ledges for a 
distance of several miles, thus forming what is called Goldsby’s falls, 
About half a mile above the ferry house on the Buckingham side, 
the igneous rock presents itself in a bold hill, and is seen in broken 
ledges and enormous fragments stretching over to the opposite bank 
in a direction nearly perpendicular to that of the other rocks, thus 
causing its appearance there at a much greater distance up the 
stream. It is a very hard and rather coarse grained Trap, of a dark 
grey colour, arising from the mixture of a nearly black Hornblende, 
with a small proportion of Felspar. Where measured, its breadth 
is about 200 yards, but evidently diminishing as it extends north- 
west. 

The shales and sandstones adjacent to this dyke on both sides of 
the river present various degrees of alteration, evidently depending 
upon the more or less refractory nature of their materials and their 
relative proximity to the dyke. On the sides of the hill, and there- 
fore almost in contact with the trap, their metamorphosis is so com- 
plete, that nothing short of the actual tracing of the gradually in- 
creasing change of structure, would justify the conviction that they 
are but modified conditions of the loose sedimentary rocks found 
at a little distance on either side. Masses of Epidotic rock, con- 
sisting of a hard bluish grey matrix with kernels of bright green 
erystalline Epidote, a similar rock in which the crystalline material 
is less fully developed, conglomerates in which the pebbles seem to 
have been almost melted together, red shales converted into a pur- 
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ple rock profusely spotted with white kernels of crystalline matter, 
so tough and hard as scarcely to admit of being broken, are among 
the materials met with at this point, evincing the influence of the 
dyke. Indeed so entirely changed are many of these rocks that no 
trace of their sedimentary origin is retained, and judged of by hard 
specimens they would be pronounced to belong to the class of pri- 
mary rocks of undoubted igneous production, while in fact, to use 
a new term expressive of the conversion which they exemplify, 
they have only been primarized by the vast mass of igneous matter 
intruded among them. 

The following descriptive list of specimens of these altered rocks 
will appropriately close the remarks upon this subject: 

1. Fine grained red sandstone, indurated with kernels of a white 
mineral. 

2. Purple rock, of great hardness, with crystalline specks. An 
altered shale. 

3. Red sandstone much indurated with some Epidote. 

4. Red sandstone with much Epidote. . 

5. Coarse sandstone much altered, apparently by a partial fusion, 
very hard. 

6. Altered sandstone, with kernels of Epidote and micaceous 
iron in small scales. 

7. Altered sandstone consisting of grains of Quartz dispersed 
through Epidote. 


SECTION V. Ri: 
OPERATIONS OF THE SURVEY IN THE GREAT WESTERN COAL RE- 
GION. 


CuaPtTer 1. 
General Sketch of the Structure and principal Rocks of the Region. : 


In conformity with the plan proposed in the beginning of the 
present report, the regions next claiming attention are, 

First. The coal basins situated between the Front Ridge of the 
Alleghany in Hampshire and Hardy counties, and the ridge called 
Laurel Hill in Monongalia county. 

Second. The wide tract lying west of Laure] Hill and its pro- 
longation south, and the Ohio river, and 

Third. The district watered by the Great Kanawha and its 
tributaries, extending from the irregular eastern escarpment of the 
formations associated with the coal, as far west as the Ohio. 

Of the first of these regions I propose presenting a somewhat 
detailed description, but of the two others it would be premature, 
in the present stage of our investigations, to attempt any systematic 
account, and in regard to these therefore I shall do little more than 
give a brief sketch of the progress of our investigations, and present 
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some important local illustrations adapted to shew the nature and 
bearing of certain interesting results already attained. 

As the widely extended surface of these regions, and indeed of 
the whole of that portion of the state lying west and north of the 
eastern escarpment of the rocks immediately associated with the 
coal, comprises groups of strata, for the most part superior in geo- 
logical position to the highest member of the Appalachian series 
described in my two last reports under the title of formation XL, 
it will be useful, before entering into particulars as regards the geo- 
logical features of any portion of the wide region under considera- 
tion, to describe, in a general way, the principal groups of strata by 
which it is overspread, as well as the more prominent facts relating 
to its structure, developed in the prolonged axes, occupying a large 

portion of its surface. 
Bearing in mind the descriptions given in former reports of the 
numerous, successive and generally abrupt undulations exhibited by 
the strata in almost every part of our Appalachian region, and the 
prolonged lines of parallel anticlinal and synclinal mountains and 
valleys, thus disposed in alternating arrangement upon its surface, 
we are not surprised at finding similar variations in the positions of 
the strata continued for some distance beyond the margin of the 
region in which the higher and more western groups of rocks appear. 

These anticlinal axes met with in our great western ccal region, 
preserving a parallel direction with those of the Appalachian belt, 
give rise to ranges of mountains less elevated above the general 
level of the surrounding region, and broader and less abrupt in their 
declivity than the ridges formed by the more steeply inclined strata 
of the Appalachian portion of the state. Yet, as might naturally 
be anticipated, along the summit of these broad mountains, the 
mantle of rocks appertaining to the coal formation, once evidently 
continuous in its extension over the inferior strata, has been more 
or less removed; and thus over their undulating tops and in their 
profound ravines and river gorges, the upper groups of strata be- 
longing to the Appalachian series, are not unfrequently deeply and 
extensively exposed. The destructive rush of waters, whose de- 
nuding power is so clearly attested by the removed summits and 
gashed sides of so many of these broad ridges would seem, after 
tearing away the stouter materials above, to have met with far less 
resistance from the soft shales and sandstones, forming the interior 
mass. Hence would appear to have originated the deep valleys and 
abrupt hills by which the space included between the flanks of these 
ridges is so generally characterized, and hence the deeply scooped 
channels of those streams, which are permitted, not merely to pass 
through, but to meander for great distances along the central line 
of the axis and in the very heart of the mountain, whose interior 
structure they thus contribute to disclose. 

Of the topographical and geological features here described, nu- 
merous exemplifications are met with in that portion of the great 
western coal region nearest to the western margin of the Appala- 
chian belt, more especially towards the northern limits of the state, 
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while over the wide districts lying still further west, the few low 
undulations which occur, ultimately become lost in the gentle and 
almost imperceptible inclination of the strata towards the valley of 
the Ohio. Hence throughout this more western portion of the area 
occupied by the strata appertaining to the coal, even the uppermost 
of the Appalachian rocks is no longer to be met with any where 
upon the surface or in the deepest natural or artificial exposures 
that exist. The rocks belonging to the principal coal measures, in 
their turn also become buried as we approach the Ohio in the region 
of Parkersburg and Point Pleasant, giving place upon the surface to 
shales and slates and sandstones, either destitute of coal or contain. 
ing it in thin and variable beds. These gently sloping strata thus 
gradually depressed, again rise to the surface as we proceed still fur- 
ther to the west, thus bringing into view, over a wide and affluent 
belt of country in the neighbouring state of Ohio, the counterparts 
of the lost coal seams and their associated beds of sandstones, slates, 
shales, iron ores and limestones in an order the reverse of that in 
which they had been seen to.disappear in Virginia, some distance 
east of the Ohio. | 

As necessary to the general picture of this wide spread series of 
rocks, it may be added that beyond this belt of productive coal 
measures in Ohio, as we descend to the valley of the Scioto, we 
come in view of a group of underlying east-dipping sandstones, 
slates and limestone, corresponding to our upper Appalachian forma- 
tions, so that comprehending in one wide view the whole series of 
strata, comprising and lying at no great distance beneath the coal 
rocks of this wide region, and leaving out of consideration the un- 
dulations previously alluded to as occurring towards the eastern 
margin of the tract, we are presented with the imposing scene of a 
vast synclinal trough or basin spreading from the eastern escarpment 
of the coal rocks in Virginia, entirely across the western portion of 
the state and the eastern half of Ohio, and terminating there in a 
similar escarpment in which the rocks are seen inclining towards 
the east to meet their counterparts dipping in an opposite direction 
in Virginia. It is a little westwards of the centre or lowest line of 
this enormous basin, that the Ohio river pursues its course for most 
of the distance in which it forms the western boundary of our state. 
But another feature is-yet to be introduced to complete the general 
outline of this interesting region. The eastern and western mar- 
gins of this basin, though nearly parallel about midway of its length, 
gradually approach each other as they extend towards the north, 
and thus-bending round, the former in Pennsylvania, the latter in 
Ohio, at length actually coalesce and form the head or northern ter- 
mination of the trough. Asa result of this configuration it will at 
once be seen that along this: northern boundary of the basin, the 
coal rocks must have an inclination towards the south or in the 
direction of the length of the vast trough, while the Appalachian 
strata underlying them beneath this northern escarpment will be 
seen dipping beneath the basin in a corresponding direction. 

Fortunately for the resources of the valuable though small tract 
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including the three counties lying between Pennsylvania and Ohio, 
this northern termination of the trough takes place at no great dis- 
tance north of where our territory begins. So that the Ohio in its 
course along the western margin of that tract intersects the south- 
erly dipping strata in a direction highly favourable for the develop- 
ment of their rich mineral contents, and exposes along the Virginia 
as well as the Ohio shore, nearly all the seams of coal, and beds of 
limestone and other valuable materials, required to complete the 
—- of strata appertaining to the vast coal basin through which it 
ows. 

From this general outline of the great western coal field of which 
Virginia possesses so large a share, it will at once be seen, that 
leaving out of view the numerous important undulations of the 
strata before referred to, the higher rocks in the series present 
themselves successively, dipping beneath the surface as we recede 
from the margin of the basin towards its middle, from whatever 
point of this margin we may take our departure. Each stratum of 
the vast series of the coal measures may in truth be regarded as an 
immense oblong bowl or trough whose longer diameter has a direc- 
tion nearly NE. and SW., terminating at the northern end, near the 
Ohio and Pennsylvania line, and gradually widening in a somewhat 
oval form as it passes through Virginia and Ohio. Near its widest 
part, it is obvious, the Virginia and Ohio portions of the margin 
would be parallel to each other and to the longer diameter, and 
would therefore have a direction from NE. to SW., but in the prog- 
ress of its expansion, all the directions between that of its north- 
ern end and the one just specified would successively obtain ; so 
that following it along the eastern margin, we should have it SE. 
and NW., S. and N., SW. and NE., and perhaps within the limits of 
Virginia, approaching Kentucky and Tennessee, WSW. and ENE. 
We may therefore regard a series of such bowls, similar in form 
and fitting the one within the other, as giving a general representa- 
tion of the stratification of the entire region we are considering, 
neglecting for the present the irregularities occasioned by the undu- 
lations in the neighbourhood of the eastern margin. 

Bearing in mind this inelegant but perhaps not useless illustra- 
tion, it will at once appear that a river entering the margin of the 
basin and flowing entirely through it, will penetrate in succession 
each of the inner bowl-shaped strata on the one side, and then pass- 
ing across the innermost, and therefore the uppermost of them all, 
will again penetrate the same beds, but in an inverted order—and 
if, as in the case of the Ohio, we suppose it to enter near one of the 
extremities of the oblong trough, and to flow nearly along but a lit- 
tle west of its central line, we shall have exposures of all the strata 
from the northern margin to the highest bed of the series, those 
only excepted, which forming the very innermost and uppermost of 
the concentric strata, present their western margins to the east of 
the valley of the river. These, as is really the fact, would be found 
capping the hills at some distance eastward of the river, and pre- 
senting both their eastern and western margins on the Virginia 
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side. To complete the application of this rude analogy to that por- 
tion of the great trough of coal-bearing strata through which the 
Ohio flows, the varying developments of the rocks caused by its fre- 
quent and important changes of direction, claim also to be consid- 
ered. If while flowing through the highest or innermost of the 
strata accessible in its general course, and thus pursuing a direction 
nearly from NE. to SW., it should be diverted from this line so as 
to take a direction towards the west or N W., it is obvious that this 
would lead it away from the inner and higher strata, and carry it 
across some of the subjacent beds, while a change in the opposite 
direction would convey it into still higher strata lying to the east, 
and if continued for a sufficient distance, might carry it through 
them to pass into the eastern or Virginia sections of the lower strata. 
It is thus that the river in that part of its course extending from 
near the NW. corner of Tyler county to the bend a little above 
Marietta, flowing nearly in the central line of the trough, exposes 
only the upper strata, but bending towards the N W. as it approaches 
Marietta, it displays strata a little lower, and thence pursuing a 
direction nearly parallel with that first mentioned, it passes Parkers- 
burg in a line several miles west of what may be regarded as the 
axis of the trough, still continuing to display nearly the same rocks 
as are met with at Marietta, until by another and more important 
flexure to the NW. below Letart’s falls, it plunges more deeply still 
into the strata west of the middle of the trough, bringing to light 
in a position sufficiently elevated above the river to be productively 
mined, the important coal seam wrought on the Ohio side, and 
known as Pomeroy’s seam. Oontinuing with numerous flexures its 
general southwestern course as far as Burlington, and keeping very 
nearly in the same rocks, the coal of which is again exposed beiow 
Gallipolis, it bends around to take a direction bearing it across the 
western portion of the basin, after which traversing in succession 
lower and lower strata of the coal measures, and presenting a noble 
development of rich coal seams and iron ores on the Ohio and Ken- 
tucky sides, it emerges from the basin near Portsmouth and pursues 
its way through the Appalachian strata lying to the west. 

T have thus, at the risk of tediousness and repetition, endeavoured 
in a familiar manner to describe the general features of our great 
western coal region, in the hope that the more important relations 
of its strata as to direction and position may be clearly conceived, 
and that thus erroneous views as regards the general extension of 
the more important coal seams may be no longer entertained—and 
I have been thus minute in exemplifying the configuration of the 
strata included in this vast basin, and the various modes in which 
they are exposed by the noble river which pursues its way along 
and through them, from a belief that some general plan or pattern 
elucidating the ereat features of structure thus particularly dwelt 
upon would aid the reader in comprehending the more local deserip- 
tions which are to follow. 

As an important preliminary to the details about to be presented 
in regard to the structure and contents of a portion of the wide area 
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above referred to, I now proceed to give a brief account of the more 
important groups of strata found within its limits. And since, as - 
already stated, some of the upper portions of the Appalachian series 
are repeatedly brought to light within the confines of this region 
near the northern border of the state, and as they moreover form 
the basis on which the coal rocks are seen to rest along nearly the 
whole of the eastern margin of the great coal field, it will be found 
useful briefly to advert to the peculiar features by which they are 
distinguished where udjacent to the coal rocks in both of these 
positions. 


Formation X. 


Of the various axes hereafter to be described, occurring within 
the eastern margin of the great area of coal rocks, but one has yet 
been found south of the Maryland and Pennsylvania lines, and north 
of the deep gorge-like valley of the Dry fork of Cheat river, in which 
the formation here referred to has been sufficiently elevated to be 
brought distinctly into view, while in both of the states just men- 
tioned not only this but formations IX. and VIII. still lower in the 
Appalachian series, are developed in considerable extent by the ex- 
pansion of some of the Virginia axes as they are prolonged towards 
the northeast. Of the existence of the formation in question, in the 
middle and southern parts of Ratidolph county, no opinion can as 
yet be formed, as our explorations in the northern part of the coal 
region have not been prolonged to any great distance south of the 
fork of the Cheat river before mentioned, which traverses the county 
in a NW. direction. Along this stream, which flows in a profound 
transverse trench across several axes hereafter to be described, not 
only this but the two subjacent formations IX. and VIII. are in part 
exposed. But minute examinations still further to the southwest 
have clearly shown that in none of the axes there presented has this 
formation been elevated to the surface. Indeed, throughout this 
part of the eastern margin of the coal region, the undulations are 
extremely gentle though of great breadth, and merely. sufficient, 
where aided by the deep trenching or denudation, here giving the 
wildest irregularity to the outline of the eastern escarpment of the 
coal rock, to bring into view the formation lying immediately 
beneath (XI.), and between them and that of which I am now 
speaking. 

Along the eastern slope of the Alleghany front ridge in the 
northern part of the state, and its continuation in the lofty range 
separating Pendleton from Randolph county, the rocks of this forma- 
tion may be seen generally about midway up the mountain. They 
here consist of coarse white and reddish sandstones, often contain- 
ing pebbles, greenish and reddish micaceous sandstones of a slabby 
structure, and conglomerates consisting of white pebbles embedded 
in a dark brown or a greenish paste. At many points the coarser 
sandstones, as well as the micaceous fine grained rocks, are rich in 
impressions of vegetable stems and leaves, usually converted into 
bituminous coal, and in some places within these limits a very thin 
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seam of impure coal is interposed, though continued only for a short: 
distance. 

In Pocahontas and Greenbrier counties this formation thrown a 
little west of its original direction by the rising of new axes in the 
Appalachian district, is seen skirting the Greenbrier river to near 
the bridge a few miles east of Lewisburg, presenting in general the 
same characters as above described, but including at various points, 
as for instance on the river west of Huntersville, a conglomerate of 
remarkable coarseness, in which whitish pebbles, sometimes two 
inches in diameter, are embedded in a brownish and greenish paste. 
As followed in this direction, its thickness, though fluctuating, is 
very much augmented, as will appear from the fact that while on 
the Potomac below Westernport, where the river makes a trans- 
verse section of the Dan mountain or Alleghany front ridge, it 
measures only about 200 feet across in a direction perpendicular to 
its lower and upper bounding plains, in the vicinity of Lewisburg its 
width is about 800 feet. It may also be remarked, that with this 
increased development of the formation thus locally presented, we 
find, as has been noticed in numerous other cases in regard to the 
same group of rocks, a corresponding development of the thin seam 
of coal included in it, as occurs in the vicinity of Lewisburg, though 
here as in most other parts of the formation the amount and quality 
of the coal are not such as to repay exploration, except for imme- 
diate neighbourhood purposes, and indeed but rarely even for these. 
West of the exposures near the Greenbrier river, it is not again 
brought up, excepting over a narrow space in the low anticlinal hill 
called Brushy ridge, which separates the levels from the valley of 
Sinking creek. It is here flanked on both sides by the overlying 
limestone of the formation next to be noticed. 

Of the character of formation X. as presented in several of the 
axes in the northern part of the state, particular mention will be 
made in treating of that district under a subsequent head. 


Formation XT. 


The group of shales, sandstones and limestones included in this 
formation constitutes the upper member of the Appalachian series of 
rocks as systematically described in my two preceding reports. Rest- 
ing upon the upper surface of X. they are well disclosed along the 
front ridge of the Alleghany in Hampshire and Hardy counties, occu- 
pying the higher portion of its eastern slope, and dipping with a 
moderate inclination towards the northwest, so as to pass beneath 
the strata of the coal basins lying in that direction. 

Further towards the south, the calcareous as well as the other 
parts of this formation became more widely developed, owing in part 
to an increased thickness in the rocks, and in part to the influence 
of several axes west of the front ridge, which by repeated turns re- 
tain the formation longer at the surface. Entering Pocahontas county 
near the head waters of the Greenbrier river, the lower strata are 
seen skirting the river generally near its western margin, the wind- 
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ings of the stream carrying it alternately into the rocks of X. and of 
XI. The increasing thickness of the formation, together with the 
great flattening of its dip, as we trace it south, cause it to over- 
spread a wide area in Greenbrier and Monroe counties, throughout 
a large part of which the calcareous portion of the formation is seen 
imparting to the surface the undulating outline and the productive 
soil usually met with in limestone regions. 

Still further towards the southwest, we find it occupying the 
eastern slope of the Blue Stone mountain, and with a very gentle 
inclination towards the northwest, dipping beneath the coal rocks 
of the Great Flat Top mountain, which with a gentle slope in the 
same direction spread continuously thence towards the valley of the 
Ohio. 

In Tazewell and Russell, wherever met with, its general charac- 
ter and position are found to be unchanged, but the long lines of dis- 
location by which the southwestern portion of our state is so won- 
derfully marked, in numerous instances conceal this and several of 
the adjacent Appalachian formations, pressing up to the very margin 
of the coal rocks, strata far lower in the series, and even crushing 
these rocks and their contained seams of coal, folding them together 
and turning them over into inverted dips. 

Having in my two preceding reports described somewhat at 
length the various strata included in the formation now in view, it 
will be unnecessary to enter into similar details at present. I will 
therefore content myself with stating, as characteristic of the for- 
mation wherever met with in Virginia, the occurrence of beds of 
limestone near the bottom, the prevalence of red and green soft de- 
composing shales above, and of brownish and greenish sandstones 
near the top. I may alsoadd the very common occurrence of small 
rounded concentric grains the size of mustard shot, or a little less 
or greater in certain bands of the limestone, and the very fre- 
quent presence of a thin seam of coal, or of bituminous slate, where 
this formation adjoins the overlying conglomerate or sandstone 
of XII. 

To display the nature and relative extent of the several strate 
forming this group, as exposed at points very remote from each other, 
and thus to illustrate the remarkable expansion especially of the cal- 
careous portion of the formation as developed west of the Greenbrier 
river in Pocahontas and Greenbrier counties, I annex the following 
details of measurements made in the course of our explorations dur- 
ing the past season, the one along the margin of the Potomac below 
Westernport, where the river intersects these strata nearly at right 
angles, the other from near the mouth of Stamping creek in Poca- 
hontas county up the slope of the Greenbrier mountain, where, in 
the form of a lofty escarpment of nearly semicircular form, it over- 
looks the beautiful limestone valley of the Little Levels. 

Thickness and character of the several strata of formation XI. 
on the Potomac below Westernport : 

Commencing with the highest group of strata which are seen 
extending nearly to the top of the lofty hill, whose capping beds of 
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sandstone have received the name of the Horse rocks, and proceed- 
ing in the order of their position to the several underlying beds as 
far as the upper limits of the next inferior formation (X.), we have 
the following results : 
1. A mass of sandstones and crumbling shales of a deep 
red colour, with occasional bands of a greenish tint. 
Towards the top the beds are more siliceous and less 
deeply tinged, but lower down they assume the soft 
shaly character and the peculiar rich red colouring 
characteristic of this part of the formation. Thick- 
MOBS. f svi. 2. Ne, 650 ft. 
2. A bed of limestone, the highest rock of this descrip- 
tion in the group. It contains fussils, and is conglom- 
eritic, consisting of pebbles of limestone cemented 


by a mixed calcareous and shaly paste,........... 4 DOB 

3. Light grey freestone, slightly caleareous,......... 2 7 

4, Red shales, generally argillaceous and crumbling,.. 97 8 
5. Red and grey variegated sandstone of a slabby 

structures: 220% ...00 0.00) 2, See 6 2 

6. Red'argillaceous shales, ).... 005 Seiya een ae FSI 6 
7. Siliceous limestone, with oolitic bands containing at 

bottom 18 inches of pure light grey limestone,.... 46 7 

8. Red shale and sandstone, with bands of limestone,. 15 5 
9. Siliceous limestone, remarkable for its diagonal lam- 
ination, and for the coarse grains of sand stand- 
ing in relief on its weathered surfaces. This latter 
character, caused by the removal of the calcareous 
matter from around the grains, is so striking, that 
though often a pretty good limestone, so far as ap- 
plicable to the making of lime, it presents the aspect 
of a light grey and coarse freestone, and might 
readily be mistaken for such. It is however an in- 

férior*rock to(T)Ueoun es. ATL Te, Se 10 4 
10. Red limestone, rather siliceous generally, but in 

parts of’pretty fine prain,......0. 0% Se gr ah 

11, Pinkish marble, vel ied 6.0 Oe 1 0 

Total thickness........ 918 ft. 9 in. 
Thickness of calcareous rocks about,.........0....2008 80 360 


Small as is the proportion of the caleareous rocks to the other 
strata displayed in this locality, it is found still to diminish as we 
proceed north, until as stated by my brother, professor H. D. Rog- 
ers, in the interior of Pennsylvania, at some points, the sic ities 

bands are entirely wanting. The following details will serve to 
shew how greatly these limestones are augmented in thickness as 
the formation extends towards the southwest: 

Thickness and character of the strata of formation XI., as meas- 
ured from the mouth of Stamping creek to the top of the Greenbrier 
mountain, Pocahontas county: 
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1. Sandstones and shales, the former predominating to- 
wards the top, the latter lower down. The general 
colour of the shales is a rich brownish red with occa- 
sional interpolated greenish bands. Texture of the 
shales crumbly, composition chiefly argillaceous, with 
a little calcareous matter. The more siliceous rocks 
above are red and grey, slightly micaceous, and includ- 
ing shaly bands. They are readily divided into slabs, 
and are rarely of a coarse texture. Thickness,....... 1260 feet. 

2. Blue and grey limestone, with argillaceous shaly bands 
occasionally interposed. Some of the strata wonder- 
fully rich in fossils. Near the top of the limestone 


occurs a flinty or cherty layer, also full of fossils,..... 822 
3. Red argillacecus crumbly shales,...... ............. 50 
Total thickness,........ 2132 feet. 








On comparing the two measurements thus given in detail, we see 
that not only has the entire thickness of the formation augmented in 
extending towards the southwest, but the relative amount of lime- 
stone has increased in a still higher proportion, the former having 
expanded to about 24 and the latter to 10 times its thickness, as 
seen upon the Potomac. 

The interesting results of this change in the character and extent 
of this formation are well seen in the richly productive surface of 

_ the Little and Great Levels, the valley of Sinking creek, and the 
wide limestone region of Monroe county, which are geologically but 
the counterparts of the narrow band of limestones and calcareous 
shales lying along the eastern declivity of the front ridge of the 
Alleghany in the northern portion of the state. 

As might be expected, much variety is displayed in the compo- 
sition and character of the different bands of limestone belonging to 
this formation. Nor is there much constancy in the same band as 
exposed in different localities, as will appear from the analyses given 
towards the close of the present report. While some of these rocks 
are remarkably pure limestones, burning into a white lime of the 
finest texture, others contain a large admixture of carbonate of mag- 
nesia as well as of silica, and often also oxide of iron; and by trials re- 
cently made, furnish a water cement of good quality. A large num- 
ber of similar analyses are yet to be made in regard to these rocks 
as exposed in the axes of the Cheat, Laurel Hill, and other ridges 
within the limits of the great coal region, as well as over the wide 
area of calcareous rocks developed in this formation further south. 

Tron ores are of frequent occurrence near the upper limit of the 
formation, more especially where it is met with in the axes before 
spoken of, and often exists in such amount, and of a quality so rich 
and easily wrought, as to possess a high degree of economical im- 
portance. Of the composition of these ores, which are usually pro- 
to-carbonates of iron, some examples will be given hereafter, and a 
large number of further details will be gathered in the progress of 
our chemical investigations. 
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Formation XII. 


Having thus, in some detail, described the various strata be- 
longing to the two upper formations of the Appalachian series, more 
particularly with the view of affording the means of identifying 
them as they are presented within the limits of our great coal region, 
and in the hope also of rendering the description of a portion of 
that region hereafter to be given, clearly intelligible to the reader, 
I proceed now to treat of the first of the series of rocks immedi- 
ately associated with the coal, and upon which repose all the slates, 
sandstones, limestones, and coal seams comprehended under the 
- denomination of the coal rocks. 

This formation, strongly contrasted in its general aspect and 
composition with the preceding, which lies immediately beneath, 
consists of a group of whitish or light grey sandstones, generally of 
a coarse texture, and comprising heavy beds of conglomerate, usually 
conspicuous for the white polished round pebbles of which it is 
mainly composed. The loose and open texture of these coarser 
rocks, causing them to crumble by long exposure to the weather, 
occasions the disengagement of the pebbles, which are thus seen 
profusely strewed over the surface in many places where this forma- 
tion occurs, becoming in fact a useful geological land-mark where 
the rock itself is concealed from view. 

This beautiful white gravel is met with in great abundance, ac- 
companying the massive strata of the conglomerate, high up on the 
eastern front ridge west of the upper termination of formation XI. 

The same coarse rock, with its attendant pebbles, is found in a 
similar geological-position on the Backbone of Alleghany, on the 
Cheat mountain and Laurel Hill, as well as several other minor 
ridges. It is also well displayed on the summit of the Big Sewell 
and various knobs and ridges of the adjacent region, and forms the 
nearly level capping of tle Blue Stone mountain and its continua- 
tion further to the southwest. Every where along the margin of 
the great coal region, this formation may be seen, marking the 
transition from the upper member of the Appalachian series of rocks 
to the. widely expanded groups of strata with which the coal seams 
are associated. 

It is not however to be inferred that at all points it displays the 
same conspicuous conglomeritic structure, or is developed to the 
same thickness, for in both these particulars it presents frequent and 
important fluctuations, passing from a mere mass of large rounded 
pebbles cemented by siliceous matter, chiefly at their points of con- 
tact, to a conglomerate of shot-like gravel, and thence to a coarse, 
and in some cases, to a fine sandstone of even and compact texture, 
and in thickness varying from a thousand, and perhaps more, to a 
hundred, or even less than a hundred feet. , 

Nor in all cases does it throughout maintain the character of a 
purely siliceous rock, for instances occur in which bands of slaty 
sandstone, and even bituminous slate, accompanied by one or more 
seams of coal, are included between the coarser and more massive 
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‘strata of the formation. Yet with all these variations, the general 
characters of the group as above described, are sufficiently definite 
to enable the practised observer to recognize it when it appears, 
and its features usually are so well marked that a glance is sufficient 
for this purpose. 

It will readily be seen, from what was before stated in regard to 
the general arrangement of the strata, in and adjoining the coal re- 
gion, that the upper position, geologically, of this or any other group 
of rocks, does not necessarily imply an actually greater elevation 
above the general level of the region, compared with rocks geologi- 
cally inferior. The positions as to height of the various rocks of 
the great basin, or of any of the axes within its confines, is greatly 
determined by the extent to which they have resisted, or yielded to 
the denuding agencies, to which, as formerly illustrated, they have 
been every where more or less exposed. On this account the forma- 
tion of which I am speaking is often absent for great distances along 
the top of an anticlinal mountain, while low down upon the flanks 
of the ridge it may be seen in enormous blocks, or thick continuous 
strata dipping away in opposite directions from the enclosed and 
underlying beds of XI., while the latter rising in undulating hills, 
along the intervening space, tower far above the strata which once 
extended as a connected covering entirely over the mountain from 
side to side. 

It will at once be inferred from what has now been said as re- 
gards the geological position and usual characters of this formation, 
that as a general rule, explorations in pursuit of coal should be di- 
rected to the series of strata, lying above it in geological position, 
and that where the outcrop or margin of the conglomerate may be 
clearly traced, we are to be governed by the direction in which the 
strata dip, in selecting the line most suitable for our examinations. 
Where for example these strata are seen inclining downwards 
towards the NW., we would take our departure from the margin of 
the basin marked out by the beds of conglomerate, and travelling in 
the direction of the dip, or towards the NW., we would enter upon 
the upper and coal bearing strata lying within, and thus successively 
encounter the coal seams and their accompanying rocks in the or- 
der of their superposition. It should be observed, however, that in 
applying this rule it is of course presumed that the route thus pur- 
sued is along a line which, if not horizontal, descends towards the 
centre of the basin at a less angle than the dip of the conglomerate 
and overlying rocks, for otherwise we might continue upon one or 
other of these beds throughout nearly the whole of our course; or, if 
following a line of very deep denudation, might penetrate below the 
conglomerate into the formation which lies beneath. 

The remarkable expansion and diversified character assumed by 
this formation for some distance within the margin of our great coal 
field in the western parts of Pocahontas and Greenbrier counties, has 
caused it there to overspread a wide area, and to include along with 
the usual beds of conglomerate numerous beds of slate and sandstone, 
varying in hue and texture, together with seams of coal of sufficient 
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magnitude and purity to be esteemed worthy of exploration. Of 
the exact limits of this remarkably diversified group of strata, it is 
as yet impossible to speak with confidence, the undulating direc- 
tions of the beds and the topographical peculiarities of the country 
having presented difficulties in the way of a precise solution of this 
problem, which can only be removed by further examination. This 
much, for the present, may be stated, that the coarse and partially 
conglomeritic sandstone composing the celebrated cliffs of New 
river, skirting that stream on both sides for some distance in the 
form of lofty mural precipices, and prolonged with a northwesterly 
dip, so as to constitute the wide sheet of nearly level strata over 
which the Kanawha is precipitated at the falls, is to be regarded as 
occupying the same place geologically with the similar strata fori- 
ing the general margin of the region occupied by the coal bearing 
strata; and in confirmation of this view it may be added, that the 
series of sandstones, slates and coal seams so admirably exposed in 
the lofty hills extending along both sides of the Kanawha to some 
distance west of Charleston, and which have been ascertained to 
overlie this conglomeritic rock according to a nearly invariable order, 
are in all important features analogous to the group of coal bearing 
strata elsewhere found resting next above formation XII. It would 
therefore appear probable that a part, if not all the coa] seams as- 
sociated with the rocks of the Big Sewell mountain appertain to a 
lower group of coal rocks, forming a portion of the formation of 
which I am treating, here widely expanded and wonderfully diver- 
sified in its characters. But as already stated, further investigation 
is required to determine with exactness the true boundaries of this 
formation, and therefore the true relations of the various rocks in 
question. 


Formation XIII, 


Under this head it is deemed convenient for the present to in- 
clude the whole of that diversified series of rocks comprising sand- 
stones, fine, coarse and conglomeritic, slates, shales, limestones, and 
seams of coal, which occupy nearly the whole of the wide area 
lying beyond or west of the formation just described. 

In remarking upon this formation no attempt will be made to 
give a minute account of the more important groups of strata which 
it comprises, as such a description, even though it were partial, 
would involve an amount of details incompatible with the design of 
the annual reports, and as moreover much further examination is 
requisite in nearly all portions of our great coal region to enable me 
to present its economical and geological characteristics in the ampie 
form necessary to render a description of them satisfactory and use- 
ful. I shall therefore confine my observations under this head to a 
general account of the formation as presented at different and re- 
mote parts of the region, with the view of illustrating some of the 
more important modifications by which it is affected in extending 
from tract to tract, as well as of indicating certain important land- 
marks among the very numerous and variable strata of which it is 
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composed, adapted to furnish us with valuable aid in assigning their 
true limits to the chief subdivisions of the formation, as well as in 
conducting our explorations for practical purposes on sure principles 
and to useful results. 

Throughout the larger part of the entire thickness of this forma- 
tion, commencing at its lower surface, or where it rests upon No. 
XIL., the rocks are chiefly of a decidedly siliceous character, consist- 
ing of sandstones of various textures, from the finest grit to coarse 
conglomerates, generally containing some, and often a large amount 
of mica, presenting considerable variety of hue, comprehending 
blended tints of grey, light brown, and greyish green, and in some 
cases almost pure white. Associated with these are layers of lime- 
stone for the most part of a dull bluish grey, but sometimes of a dark 
brown and nearly black tint, and generally shewing an ochreous as- 
pect on the weathered surfaces. These beds, as met with in Vir- 
ginia, are rarely more than a few feet in thickness, varying in this 
respect from point to point, and not unfrequently losing themselves 
by gradual transition into slate or iron ore, or sandstone. Numer- 
ous beds of slate also interpose themselves between the siliceous 
rocks, presenting for the most part a dark brown or nearly black, 
and an ochreous greenish colour. It is with these, particularly the 
former, that the coal seams are in general immediately associated. 
The bands of iron ore also usually occur in or adjoining them, as 
well as contiguous to the layers of limestone. 

Towards its upper limits rocks of a less arenaceous character pre- 
dominate. The sandstones which still occur in heavy beds are of a 
softer and in general finer composition, and the slates assume the 
form of argillaceous shales of a crumbling texture and deep reddish 
colour, alternating occasionally with green and ochreous tints, pre- 
senting a striking general resemblance to the shales of IX. and XI. 
of the Appalachian series. In this part of the formation the cal- 
careous beds in general occupy a far greater thickness than below, | 
imparting a richly productive character to the region over which in 
some portions of the great coal tract they are widely spread out. 
Caleareous matter is also present in considerable amount in the as- 
sociated shaly strata, which are therefore in general marked by a 
productive soil. 

Near tle highest strata of the formation little or no coal is met 
with, but among the beds next beneath occurs one and in some 
cases two coal seams of great value, as well on account of the usu- 
ally good quality as the abundance and continuity of the coal. It is 
in this geological position that we meet with the celebrated Pitts- 
burg coal in Pennsylvania, and as hereafter will be shewn, the 
valuable seam explored in the hills at Wheeling, Morgantown, 
Olarksburg, and numerous intervening points. The two principal 
seams in the Potomac basin, to be noticed in the sequel, are evident- 
ly referrible to the same position. 

Besides the general differences here noticed in the nature and 
aspect of the materials predominating respectively towards the lower 
and upper portions of the formation, important modifications in the 
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composition and degree of development of its several subdivisions 
are seen to occur as we trace them from one portion of the great 
basin to the other, some of which, from their economical importance, 
as well as their general occurrence, merit a brief notice in the pres- 
ent sketch of the formation. 

One of these changes is exhibited in the increased coarseness of 
the materials forming the arenaceous strata of the lower parts of the 
formation as traced from the northern limits of the state to the val- 
ley of the Great Kanawha, and at the same time the greater pre- 
ponderance of the sandstone strata occasioned -by their increasing 
thickness in that direction. This fact is well exemplified in compar- 
ing tbe rocks lying between the western base of Laurel Hill in 
Monongalia county, and their counterparts along the Kanawha, 
from the falls as far down as Charleston. The comparatively small 
amount of slaty strata along the latter section, though fortunately 
unaccompanied by any diminution in the thickness or deterioration 
in the quality of the coal seams there so admirably exposed for long 
distances continuously in the river hills, would appear to connect 
itself with the attenuated width of the bands of iron ore occurring 
among these slates, and therefore would seem to give a general con- 
firmation to the conclusion derived from our observations thus far, 
that these ores are much less abundant in that than in some of the 
more northern divisions of the coal field. 

In the calcareous strata, especially those appertaining to the 
higher subdivisions of the formation, an equally marked alteration 
is exhibited. As followed in a southwesterly direction from the 
Pennsylvania line, these beds spreading widely over the tracts lying 
to the west of the Monongahela, are seen gradually becoming thinner 
by the interposition of strata of variegated calcareous shales, until 
over the western parts of Harrison, Lewis and Kanawha, as well as 
nearly all of Wood, Mason, Jackson and Cabell counties, a small and 
variable remnant of these rocks is met with, forming thin bands 
among these shales, which bave now almost entirely usurped their 
place. As a striking illustration of the remarkable change here 
noticed, reference may be made to the expanded thickness of the 
limestone strata in the hills bordering the Ohio, in the vicinity of 
Wheeling, where these rocks appear to have attained their greatest 
developement as compared with the thin and variable seams of cal- 
careous rock encountered in the region between Charleston and 
Parkersburg on the one hand, and Guyandotte on the other. Of the 
real extent and frequency of these small bands, further observations 
are requisite to enable me to speak with confidence; the region in 
which they are met with having, as yet, been but partially explored. 
They will, however, receive that attention which, from their local 
importance in connection with ordinary and agricultural uses, they 
are believed to claim. 

From what has now been said in the way of a general sketch of 
the prevailing characters exhibited in the lower and upper portions 
of this formation, as well as the interesting modifications occurring 
in each as developed in distant portions of the coal region, it must 
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be apparent that the whole formation admits of being conveniently 
divided into two great groups of strata, each comprising sandstones, 
slates, shales, limestones and seams of coal, but yet sufficiently dis- 
tinguished from the other by the predominating features above de- 
scribed. Adopting such a division therefore as conducing to greater 
clearness and simplicity in the economical as well as geological 
illustrations hereafter to be given, I shall for the present designate 
them respectively by the titles of the lower coal seriezsand the upper 
coal series. 

It cannot fail to be remarked, that in the perplexing and labori- 
ous investigations which are so often undertaken with the view of 
discovering or tracing the coal seams or other strata of the region 
under consideration, great assistance would be derived from the 
knowledge of some one bed or stratum, whose continuity over wide 
areas and constancy in position with regard to the other rocks, had 
been satisfactorily demonstrated. For in a region so broken, as is 
much of-that of which I speak, and in which the strata present fre- 
quent though gentle undulations of dip, and often bear a strong re- 
semblance to each other, the attempt at tracing them by an imper- 
fect system of levelling, aided by rude computations of the angle 
of dip, is likely in many cases to lead to results not only erroneous, 
but prejudicial to individuals and the public. 

It is on this account therefore that in the course of our opera- 
tions in this region, as thus far carried forward, I have made it a 
leading object in the first place to acquire the necessary data for 
drawing, with some degree of accuracy, wherever possible, the line 
of separation between the lower and upper coal series, as well as for 
tracing the more valuable coal seams or other useful deposits, by 
reference to some standard bed or stratum, whose persistency over 
wide areas has first been satisfactorily established. 

Our observations thus far in regard to the rocks towards the 
middle of the formation, would seem to shew that, between the 
upper and lower series, there is generally interposed a greater thick- 
ness of strata, barren of workable seams of coal, than either above 
or below, but of the constancy of this fact it is impossible to speak 
until I have completed a number of measurements proposed to be 
made at various points in the coal region, nor would a feature of 
this kind, unless exceedingly distinct, be of much avail to those who 
are interested in explorations for coal. Some mark more definite 
in its nature should, if possible, be determined. Such an one, I am 
happy to say, has been found to exist in that’ portion of the coal 
field which is traversed by the Kanawha river, and though not dis- 
covered until some time after the commencement of our operations 
during the last season, it has already enabled us to obtain a clear 
knowledge of all the general, and most of the minute features of 
that highly interesting and valuable part of the basin. 

The land-mark to which I here allude, and which was first recog- 
nized, and afterwards diligently traced by my brother prof. J. B. 
Rogers, consists of a band of black or bluish black siliceous rock, 
approaching the character of a flint or hornstone, which is found in 
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the hills at the height of several hundred feet above the river near 
the falls, and which, accompanying the subjacent strata in their va- 
rious undulations, and their ultimate steady western dip as they 
extend down the river, is seen to disappear below the water level 
at the Elk river shoals. 

This stratum, from its striking peculiarity of character, and its 
constancy of geological position, furnishes a standard line with which 
to compare the rocks and coal seams both above and beneath, and 
may be regarded in this region as clearly defining the boundary be- 
tween the upper and lower series. As will be seen hereafter, 
throughout the tract extending from the falls to the point at which 
the flint comes down to the river level, no seams of coal, but such 
as are local and of insignificant extent, occur in the hills above this 
stratum, but as we proceed towards the west, and thus in virtue of 
the westerly dip of the rock, pass successively into strata higher in 
the geological order, we meet with one or more coal seams asso- 
ciated with the shaly rocks already noticed as predominating in the 
upper series. 

The discovery of this, or some equivalent band, in other parts 
of the coal region, is a result greatly to be desired, and will, it is 
thought, be attained during the operations of the coming season. 
Towards this, as well as other interesting determinations, more 
especially relating to that portion of the region which lies adjacent 
to Pennsylvania, the minute researches now making in the corre- 
sponding section of that state, will contribute much valuable as- 
sistance; nor is it unimportant to the practical as well as purely 
scientific results, aimed at in the researches in progress in these 
neighbouring states, that by unity of method, harmony of views, 
and co-operation in the field, my brother and myself, are enabled, 
in various ways, to promote the accurate and expeditious prosecu- 
tion of our several tasks. 

In concluding this brief sketch of the general features of our 
great coal field, a few remarks may properly be annexed in expla- 
nation of the modes of exploration, thus far adopted and hereafter 
to be still more extensively employed in carrying forward our in- 
vestigations in this region. 

Having now acquired an accurate general acquaintance with the 
outline of the region, and having in some districts studied with much 
minuteness the most important rocky strata with their included 
coal seams and other deposites, it will be our object to trace the 
several beds composing the lower and upper series, from tract to 
tract, with the view of identifying particular seams, and forming 
correct ideas of the extent of territory over which each is of work- 
able dimensions, and in a position to make it accessible above the 
Jevel of the streams. At the same time a careful attention will be 
given to the bands of iron ore, as well as the limestones accompa- 
nying the coal. In the execution of these tasks it is evident that in 
many cases accurate measurements will be demanded, requiring 
proper instruments to be taken into the field. Among these the 
boiling point thermometer, of which, as a means of measuring 
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heights, I have, for the last two seasons, made successful use in 
various parts of the Blue Ridge, and the Appalachian region, and 
during the past summer among the hills bordering the Kanawha, 
promises to afford us great facilities, and when aided by the com- 
mon instruments for levelling, will enable us to continue our trac- 
ings with all the accuracy and expedition that could be desired. 


CHAPTER 2. 


Of the Coal Basins situated between the Front Ridge of the Alle- 
ghany in Hampshire and Hardy Counties, and the Backbone 
Mountain. 


In the preceding general sketch, allusion has been made to the 
occurrence in this portion of the state of several anticlinal axes, in 
the principal of which strata are met with appertaining to forma- 
tions geologically lower than those properly belonging to the series 
with’which the coal is associated. By referring to what has already 
been said in illustration of the arrangement of the rocks in the en- 
tire coal region, viewed as one continuous oblong trough or basin 
of vast extent, it must at once be evident that between any two such 
axes rising within the area of the coal region, the rocks including 
the coal must dip in opposite directions, so that as they slope down- 
wards along those sides of the ridges which are facing each other, 
they will haye directions which if prolonged would cause them to 
meet about midway in the intervening space. Each stratum thus 
reposing on the flank of one of these ridges has its counterpart lying 
with an opposite inclination on the flank of the other, and thus the 
whole of the space between the two ridges is made up of trough 
shaped beds, lying one within the other, and all of them obviously 
superior, geologically considered, to the rocks of which the ridges 
themselves are composed. It is further evident that where these 
ridges by gradually flattening out and becoming broader as they are 
prolonged in either direction, are thereby caused to coalesce, the 
concave bend of the strata between them growing less and less, 
must eventually be lost, and one mountain being formed of the two, 
the intervening rocks must disappear, and a rounded termination be 
given to the trough. This change taking place at both extremities, 
a true basin would be formed, in which the strata containing the 
coal would be found enclosed in a rim of the underlying formation, 
not only along their length, but around the curved margins by 
which they were united at the ends. Such is the character of the 
several small basins of which 1 am about to treat, though from the 
length of some of them they are only in part included within the 
limits of Virginia. 


General Limits of these Basins. 


The axis known in Pennsylvania and Maryland as Will’s creek 
mountain, and which is traversed by Will’s creek a short distance to 
the west of Cumberland, presents in the admirable section there dis- 
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closed a broad anticlinal arch of formation IV., flanked on the west 
by the successively higher groups of the Appalachian series, all main- 
taining a northwestern dip, and presenting as we ascend from the 
deeply denuded valley immediately west of the mountain, the various 
strata of VIII., 1X., X., XL, and XII., forming the hills lying at the 
eastern base of the Dan mountain, and the eastern slope of that 
mountain nearly to the summit. Parallel to this margin of west- 
wardly dipping XII., we meet a few miles farther to the west with 
another rim of the same formation, inclining in the opposite direction, 
and forming the crest and a small part of the eastern slope of the 
Savage mountain. In the intervening tract occupied by a series of 
lofty and picturesque hills, occur the coal measures of the basin in 
which Frostburg, Lonaconing and Westernport are situated. In 
this region the Savage mountain presents only easterly dipping rocks, 
displaying in succession alongits western slope the formations under- 
lying XII., and separated from what is called the Alleghany, lying 
still farther to the west, by a wide region in which these formations 
downwards as far as VIII., are exhibited in anticlinal order, capped 
on the east by the conglomerate of XII., forming the top of Savage, 
and on the west by a similar rock forming at many points the sum- 
mit of the Alleghany. 

As we trace this basin towards the south, we observe a small 
change occurring in the axis lying to the east, which now becomes 
the axis of the Knobly mountain in Virginia, the Will’s creek axis 
proper, having died out a little to the south of Paddytown where it 
crosses the Potomac, and that of the Knobly, which first shews itself 
a few miles south of Cumberland, having now assumed great breadth 
and elevation. The latter axis, lying a little east of the line of pro- 
longation of the former, displays the same groups of strata, flanked 
on the western side by formations successively higher in the Appa- 
lachian series, until as we ascend the front ridge of the Alleghany, 
which is our Dan mountain, we pass from the upper part of XI. into 
the margin of the coal basin, marked by the conglomerate of XII. 

The axis lying to the west of this basin, and between the Savage 
and Alleghany mountains in Pennsylvania, and marked on the map 
by a line a little west of the course of the Savage river above the 
mouth of Middle Fork, gradually flattens in its dips as we pursue it 
towards the southwest, and the country at the same time becoming 
topographically higher, we find the Appalachian rocks gradually dis- 
appearing between the Savage and the Alleghany mountains as we 
ascend jin the direction of Crab creek in Maryland, and when we 
have reached the Northwestern turnpike, the two mountains have 
completely coalesced, forming the broad, nearly level ridge which, 
under name of the Backbone of the Alleghany, divides the waters of 
the North Branch from those of the Youghoganey. This wide. 
table land, covered by the conglomerate of XII., extends to the head 
waters of the North Branch, and in the vicinity of Fairfax’s stone, 
sweeps around to coalesce with the same formation, which by the 
termination of the small basins hereafter to be described, is laid bare 
over the lofty wedge-formed tract comprised between the head 
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waters of Red creek and Blackwater creek, tributaries of the Dry 
Fork of Cheat, and the Alleghany front ridge near the western corner 
of Hardy county. 

But the basin thus included towards the north between the Sav- 
age and Dan mountains, and in Maryland and Virginia between the 
front ridge of the Alleghany and the Backbone, begins to present 
marked undulations in the dip of the strata in the region lying be- 
tween the North Branch and Crab Tree creek, even as far north as 
the road leading from the mouth of Savage obliquely over the Back- 
bone. The two rolls which are here distinctly to be seen acquire 
greater importance as they are followed towards the southwest, pre- 
senting at length two well developed anticlinal axes, and thus divid- 
ing what farther north is but a single basin into three minor basins, 
all of course lying between the front ridge and Backbone of Alle- 
ghany. 

The eastern of these two axes crosses the North branch between 
the mouths of Abraham’s creek and Stoney river, and extending 
along the western side of Abraham’s creek in the direction of that 
stream, unites with the front ridge about 3 miles south of the old 
Moorefield road. The upper part of the conglomerate (XII.) is exposed 
on the North branch a little below the mouth of Stoney river, dis- 
playing some undulations, but farther down presenting a uniform 
NW. dip, thus pointing out the western side of the axis here referred 
to. The conglomerate, as we follow it down the river, in virtue of 
the inclination just mentioned, and the passing of the river flowing 
nearly in an easterly course, farther into the axis, attains the summit 
of the ridge about 2 miles above the mouth of Abraham’s creek, and 
allows some of the shales of formation XI. to come into view be- 
tween it and the level of the stream. 

This axis thus forms the broad flat ridge which throughout its 
course separates the waters of Stoney river from those of Abraham’s 
creek, and by its union with the front ridge before mentioned, ter- 
minates the basin to which the latter stream and its branches are 
confined. Before this union, for a distance of 5 or 6 miles, it is 
known by the title of Spruce Ridge, and is covered by the conglom- 
erate of XLII. in enormous masses of a thick tabular form. The coal 
field thus included between the front ridge and this axis, being ob- 
viously continuous with that lying along the North branch between 
the mouth of Abraham’s creek and Westernport, may be denomi- 
nated the Lastern or Potomac basin, and as will hereafter be seen, 
retains a larger number of coal seams, and more really valuable coal 
than either of the two remaining basins lying west of it and be- 
tween it and the Backbone. 

It may be well to bear in mind that the central line of this basin 
passes across Abraham’s creek about half a mile to the east of the 
junction of Johnny Cake with that stream. 

The western axis is the broad flat anticlinal ridge dividing the 
waters of Difficult creek and Stoney river. Lying but a short dis- 
tance west of the axis just described, the intervening tract which 
may be called the Middle basin is much narrower than either the 
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eastern or western basins, and as will be inferred, presents only 
those rocks and coal seams lying next above formation XII. This 
shallow concavity in the strata is prolonged in the direction of 
Stoney river towards the wide area of elevated land in which that 
stream originates, and which as already described is overspread by 
the strata of formation XII., and even at this remote point the 
synclinal or trough-like position of the rocks is not entirely obliter- 
ated, though here as well as in the southern prolongation of the 
other basins, displaying only very gentle dips. 

As will be inferred from what has been already stated, between 
the axis just described and the summit of Backbone, is situated the 
third or western of the three basins described as intervening be- 
tween the front ridge and Backbone of Alleghany in this portion of 
their course. This western axis is by far the widest of the three, 
as compared by a transverse line crossing them all within the limits 
of Virginia. It here includes the waters of Difficult creek and 
those of the North branch from its sources to near the mouth of 
Abraham’s creek. 

As this and the middle basin are produced by the two great 
wrinkles in the strata before described as commencing east of Crab 
Tree creek in Maryland, their width and the depth of coal rocks 
they contain continue to increase as we trace them south, until they 
attain their maximum width within or near the limits of our state 
—and thence continuing south are terminated by the wide area of 
formation XII. lying in that direction. The great width of the 
western basin is also in some degree due to the great flattening of 
the dips of the strata around its western margin, to which also, 
as already described, we are to attribute the union of the Savage 
‘and Alleghany mountains as they extend through Maryland, to 
form the Backbone of Alleghany near and within the Virginia 
line. 

With the view of ascertaining whether the two axes just de- 
scribed, as well as the broader and more important one of the Back- 
bone of Alleghany, were continued into Randolph county, a con- 
tinuous series of observations was made in that county along the 
Dry fork from the Horseshoe in a southwesterly direction to the 
eastern slope of the front ridge opposite Petersburg in Hardy 
county. 

The Backbone axis, trenched deeply by the Cheat, exposes in the 
interval between Mill creek and Blackwater, several of the upper 
Appalachian formations. 

The lowest of these, formation VIII., is well displayed along the 
central line of the axis a little south of Wolf run. 

As we cross the strata towards the east, this formation dipping 
to the SE. disappears beneath the red slates and shales of [X., which 
in turn gives place to the overlying X. and this to XI., the calcare- 
ous or lower part of which is the highest rock met with in this part 
of the route. 

This limestone belonging to formation XI. first shews itself about 
half a mile east of the mouth of Blackwater creek, dipping gently 
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to the SE. and thus indicating that it appertains to the eastern side 
of the Backbone axis. 

Still continuing our southeasterly course, we see it supporting 
the heaving strata of red shale forming the upper portions of the 
formation, gradually bending in a trough-like form so as at length 
to present a northwestern dip, clearly marking the continuance of 
the structure of the westernmost of the three basins before de- 
scribed among the lower rocks in their prolongation towards the 
southwest. Capping the bold hills through which the river here 
finds its way are the massive beds of formation XII. reposing in the 
form of a very shallow basin on the shales and limestone just de- 
scribed. 

Some distance higher up the stream, but west of the mouth of 
Red creek, we pass through the limestone of XI. and strike upon 
X.—here a coarse conglomerate, and forming an anticlinal axis, ob- 
viously the feeble continuation of that formerly described as inter- 
vening between Difficult creek and Stoney run, and separating the 
middle from the western basin. 

Still further east, we have another synclinal or trough-like roll 
of the limestone, the eastern margin of which crosses the Flanigan 
settlement 2 miles west of the mouth of Red creek. Of course its 
dip here is to NW. 

Succeeding and underlying this we have X. and IX. which arch- 
ing over so as to form an anticlinal axis, and being again followed 
by XI. lying upon the east-dipping X. of this axis, give us the repre- 
sentative of the ridge separating the waters of Stoney run and Abra- 
ham’s creek, in other words, that which separates the eastern from 
the middle basin. 

We now ascend the western slope of the front ridge, presenting 
east-dipping limestone overlaid by the red shales of XI., and reach- 

-ing the top, we find it occupied by a shallow synclinal trough of 
formation XII., all that remains of the most eastern of the three 
basins. 

Thus are we admitted along this route to trace the undulations 
of the strata, which give origin further north to the several basins 
intervening between the front ridge and the Backbone of Allegha- 
ny, and to obtain confirmatory evidence, were such required, of the 
existence of the structure which has already been described as seen 
within the area occupied by the coal rocks themselves. 

Whether these axes are continued much further to the south, and 
there develope in the intervening troughs enough of the overlying 
rocks to include one or more of the lower coal seams, is a problem 
which can only be resolved by the exploration of this portion of 
Randolph county in a future season. 


Eastern or Potomac Ooal Basin. 


It has already been remarked that as we proceed westwards from 
the margin of our great coal region, the axes of disturbance met 
with occur at much wider intervals, forming broader undulations, 
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attended with more gentle dips. This well marked feature, evident- 
ly referrible to those mighty subterranean movements, whose influ- 
ences were most powerfully impressed upon the various groups of 
rocks occupying the Appalachian region, is beautifully illustrated in 
the comparatively steep inclination of the strata belonging to the 
most eastern of the minor basins now under consideration. Nor is 
it an uninteresting fact that the depth thus given to the basin, even 
where it is contracted to an inconsiderable width, has been instru- 
mental in conferring upon it the great economical advantages it pos- 
sesses. For it will at once appear that by this means the bottom of 
the trough was rendered sufliciently low to admit of the whole, or 
nearly the whole, of the rocks appertaining to the productive coal 
measures, lying upon the central or deepest parts of the trough, 
without towering to such an altitude as to be exposed tc the de- 
structive torrents which have robbed so large a portion of the area 
of our coal region of the coal seams and other valuable deposits 
once spread continuously over its surface. 

Within this basin, as trenched by the North branch of the Poto- 
mac river, the lofty hills on the Virginia as well as the Maryland 
side expose to view at various points the lowest of the coal seams 
belonging to the true coal measures, and the principal and most val- 
uable seam appertaining to the upper group, so that in fact they 
present to our observation at once the entire lower and the most 
valuable part of the upper coal series, as formerly distinguished. 

Though striking variations are met with in the thickness and 
character of the beds interposed between the seams of coal at dis- 
tant points, and though the smaller and lower seams are seen alter- 
nately thinning out and re-appearing, the more important ones 
probably maintain sufficient uniformity of character and thickness, 
to be identified wherever they occur. 

At least five seams extend throughout this part of the basin, the 
largest of which, known as the 12 foot seam, occupying the highest 
position, is generally found near the summits of the hills. In the 
vicinity of Westernport, where it is well exposed at numerous open- 
ings, some of which are on the Virginia side, its elevation above the 
water is between five and six hundred feet. The breast of coal 
which it exposes varies from 9 to 14 feet, including bands of slate 
and impure coal in the upper 8 or 4 feet. It is a semi-bituminous 
coal, as is the case with all the seams of this and the other ba- 
sins near the eastern margin of the coal region. From its great 
elevation in the hills, it is not only rendered more difficult of access 
than the lower and thinner seams, but is of course spread over a 
comparatively limited area, and is moreover in some eases liable to 
be injured from the insuflicient protection of the strata by which it 
is covered, 

The lowest seam in this basin is found in the bed of the Potomac, 
a short distance below the mouth of Savage river. Above it rest 
heavy beds of coarse sandstones, sometimes conglomeritic. Ascend- 
ing the river above this point we find the coal and sandstone grad- 
ually rising, until at Brantzburg the former is seen at the height of 
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about 20 feet above the water, having a thickness of 2 feet 11 inches 
of good coal. 

The second seam, which at the mouth of Savage is seen near the 
water’s edge, though not exposed immediately at Brantzburg, is 
met with in the vicinity having a width of about 20 inches. 

Below the coarse sandstone, as weil as immediately above and 
beneath the second seam are beds of olive and greenish shales and 
sandstones, containing above that seam a band of rich iron ore 6 
inches thick. The second seam here referred to, though occurring 
at other points, as will hereafter appear, gradually thins out as we 
trace the basin towards the south, and is wanting in the basins lying 
west of that now under consideration. 4 

The third seam, known as the 6 foot seam, is well exposed near 
the mouth of Savage, in the slide, at a height, according to our 
measurements, of 156 feet above the river. At Brantzburg, the in- 
tervening rocks having become much thinner, its height is only 
about 75 feet. At this point the seam is divided into two parts by 
a band of slate 6 inches wide, leaving 8 feet 6 inches of good coal 
below, and 2 feet 11 inches of coal above, the upper 6 inches of 
which is slaty. 

This seam, from the quality of the coal, its thickness, and its 
comparatively accessible position, as well as the wide area over 
which it may be wrought, is to be looked upon as one of the most 
valuable in the basin. 

Above this there exist in the central parts of the basin from 2 
to 3 other seams, known as the 5, 8 and 12 foot seams, the latter 
of which from its general exposure near the tops of the high hills, is 
the best known. Oftheconstancy of the occurrence of the 5 and 8 
foot seams, farther observations are required before an opinion can 
be given. The exposures in which these seams are reputed to dis- 
play themselves are few in number, and have as yet been imperfect- 
ly connected with the upper and lower seams, but the subject is of 
such importance as to justify special explorations, with the view of 
deciding upon their position and character. 

As we proceed up the North branch from Brantzburg, seam (No. 
1) is seen at short intervals on both sides of the river, but affords no 
good opportunity of examination on the Virginia side before reach- 
ing the estate of Mr. Samuel Harvey, about 6 miles below the mouth 
of Abraham’s creek. Here it displays a thickness of 24 feet, and 
lies at a height above the river of 14 feet, this interval being occu- 
pied by 8 feet of argillaceous shales, immediately underlying the 
coal, and 6 feet of slabby sandstones of an olive colour extending to 
the margin of the river. 

Higher up the hill, seam (No. 2) is exposed with a thickness of 2 
feet 2 or 3 inches, and at a level 75 feet above the former. This 
intervening space is occupied by 30 feet of shales resting on 45 feet 
of sandstone, through which in some places there runs a band of 
slate containing good iron ore, at some points 18 inches in thickness, 
though very variable, and thinning out with the enclosing slate. 

On the Maryland side a short distance below this, seam (No. 1) 
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is shewn, sometimes separated from the overlying sandstones by a 
band of shales of very variable thickness, containing iron ore of fine 
quality, in some places as much as 8 inches in thickness. Above 
this exposure, and higher up than the level at which No. 2, not seen 
at this point, ought to occur, a rich nodular ore occurs in consid- 
erable quantity interspersed in shales. 

At Wilson’s mill, about 2 miles below the mouth of Abraham’s 
creek, the sandstone overlying (No. 1) presents frequent undula- 
tions, but with a prevailing dip towards the SE., indicating a posi- 
tion rather west of the central line of the basin: Though it does 
not rise high enough just at this point to expose the coal, it brings 
to view the band of slate before mentioned as occurring at Harvey’s 
lower down the river, and containing as there rich nodular iron ore, 
the nodules varying from one to twelve inches in diameter. The 
shales overlying this and separating it from seam (No. 2) are sili- 
ceous, coarse, and lead coloured, and abound in iron ore, rich but 
of a coarse texture. Seam (No. 2) is too thin to be worth working. 

On the hill side near the mill, (No. 3) crops out, and the same 
seam has been opened on the Maryland side at an equal elevation. 
It is between 4 and 5 feet in thickness. 

Higher up the river (No. 2) is repeatedly seen from 10 to 12 
inches thick, and slaty. The shales both above and below contain 
the nodular ore, the nodules in the former being sometimes 18 
inches in thickness. 

Above Brantzburg the exposures of seam (No. 8) are rare in the 
hills along the river, owing doubtless to the covering of debris, but 
up Abraham’s creek a seam is opened which is inferred to be (No. 3) 
from its elevation and the rocks adjoining it. It is opened about 34 
miles above the mouth of the creek, and again several miles above 
at Mr. Vandover’s, where it is reputed to be from 4 to 5 feet thick. 
The same seam there is reason to think occurs on the western flank 
of the front ridge, a little north of the turnpike, on the estate of Mr. 
Johnson Covan. It is here near the eastern outcrop, and having a 
dip conforming with the slope of the hill, is kept too near the sur- 
face to be well preserved, but a little further within the basin there 
will be depth enough of covering to afford a sound coal. 

The range of hills intervening between the river and the front 
ridge, and known as the river hills, are generally of sufficient eleva- 
tion to contain the main or 12 foot seam, except where interrupted 
by deep transverse vallies leading to the river. This seam has been 
identified at numerous points both on the Maryland and Virginia 
side, between the opening nearly opposite Brantzburg and Elk Gar- 
den. The latter tract is situated in a slight depression between the 
river hills and the front ridge at the head of a valley which as it 
extends northwards becomes so deep as to separate these hills from 
the ridge. It commences about 2 miles north of the lower road 
crossing to New creek, from which point the hills are seen to in- 
crease in elevation as we travel south, thus tending to counteract 
the rise of the coal as it approaches the southern termination of the 
basin. In the neighbourhood of Mr. Vanmeter’s, they reach their 
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greatest altitude, and thence as they continue towards the south 
decrease in height to the valley of Abraham’s creek. Here this 
stream, above the mouth of Johnny Cake creek, cuts through the 
hills, forming a little south of the turnpike a gorge, to the south of 
which the hills are too low to contain the main seam, as from our 
near approach to the southern extremity of the basin, the lower 
seams, the only ones here known, are raised to a much greater ele- 
vation than at points further towards the northeast. 

Though the Elk Garden tract overlooks the neighbouring hills 
both to the north and south, the gradual rise of the coal in extend- 
ing towards the south, brings the main seam here nearer to the 
summit of the hills, and thus contracts the area over which it can 
be worked. 

From the mouth of Savage to that of Abraham’s creek, all the 
seams of the basin are to be met with in the hills, excepting (No. 1), 
which below Brantzburg lies a few feet beneath the water, and the 
only diminution in the value of the tract as we approach the south- 
ern of these two limits, arises from the diminished area over which 
the main seam can be worked. 

On the estate of Mr. Vanmeter, situated in the Elk Garden, 
where it attains its greatest height, the main seam was examined 
along its western line of outcrop. It consists of 12} feet of coal 
with a covering of slate 3 or 4 inches thick, upon which rests 8 or 
10 inches more of coal. Between 6 and 7 feet below the main 
seam are two others, the upper 20 inches thick, the lower 12, sepa- 
rated by 6 or 7 inches of slate. : 

In the vicinity of Mr. Covan’s, the front ridge presents a very 
gradual descent to a narrow glade bounded on its western side by a 
low hill, near the summit of which the main seam occurs. 

This is a short distance to the north of the turnpike and near 
Abraham’s creek, on the estate of Mr. Shillingberger. Lying near 
the top of the hill, and having little or no dip, it will be workable 
only over a narrow area in this neighbourhood, but will no doubt 
be procured in a sound condition by driving into the hill, as there is 
depth of covering there sufficient for its preservation. 

South of the turnpike this basin presents but two seams, viz: 
(No. 1) and (No. 3), the intervening thin seam having apparently 
fined out in extending towards the south. As we are now approach- 
ing the margin composed of formation XII., we are of course to look 
for none but the lowest seams. The upper of these (No. 8) is the 
one chiefly worked. On the estate of Mr. Kitzmiller, situated on a 
branch of Abraham’s creek, one mile east of the mouth of Johnny 
Cake, it includes 3 feet of good coal, overlaid by 18 inches of slaty 
coal, and covered by soft argillaceous shales. 

The same seam has been opened on the estate of Mr. Vandiver, 
just above the mouth of Johnny Cake, where it is 8 feet thick, but 
impure throughout, and having near the bottom the appearance of 
being partially coked. About 3 feet above the seam is a band of 
slaty coal resembling lignite. This is a very usual accompaniment 
of (No. 3.) 
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This seam has also been opened on Abraham’s creek, 5 miles 
above the mouth of Johnny Cake, on the estate of Mr. Micle. It is 
- now concealed, but said to yield between 2 and 3 feet of good coal, 
having a dull surface and looking like cannel coal. Throughout this 
part of the basin, as might be expected, the dip is towards the NW., 
tor we are here east of the central line. A seam agreeing with this 
in character and association, and no doubt the same, is exposed a 
short distance south of the Moorefield road, both on the east and 
west forks of Abraham’s creek. 

A. lower seam (No. 1) is also met with towards the southern 
termination of the basin, but has not been explored. At Mr. Van- 
diver’s it has been found to be good coal, and is situated at some 
distance below the other seam, (No. 3,) before mentioned as occur- 
ring on his estate. 

As already intimated, additional explorations are yet to be made 
in some parts of this basin, having a special view to the seam or 
seams next beneath the 12 foot seam, the obscurity of the exposures 
thus far met with having precluded any decided inferences as to their 
position, continuity or thickness. 


Miadie Bae 


In this as in the corresponding part of the last basin, there are 
but two seams of coal. These by the associated rocks, as well as 
the character of the coal, shew themselves to be the same with the 
two found in the southern portion of that basin. The upper, which 
is every where the thicker seam, has been opened on the estate of 
Mr. Nevil, on Stoney river, about 2 miles below where the turnpike 
crosses that stream. It here yields about 3 feet of good coal, over 
which lies a thin seam of slate, and then about one foot of impure 
coal. Above the seam is a very thick bed of sandstone exposed to 
the height of 20 or more feet, a seam of very fine grained slate 
sometimes coming in between the sandstone and subjacent bed, but 
not uniformly present. As a general feature, the rocks of this 
basin are remarkable for their variability in thickness and composi- 
tion. As one instance of this, I would cite the fact that only one 
mile further up the river the seam of coal just mentioned is overlaid 
by slates and shales. At this locality it yields about 2 feet of good 
coal, over which is about 18 inches of impure slaty coal. At a still 
higher level occurs a vein of impure iron ore, which for more than 
a hundred yards presents a uniform thickness of 2 feet. It is how- 
ever a rather poor one, though not poorer than is offen worked. 
Upon this ore rests a seam (about 2 feet) of very fine grained ho- 
mogeneous slate, having a smooth and regular cleavage adapting it 
either for roofing or writing slates. Eight miles above this, at the 
falls of the river, this seam, or rather its representative, is exposed, 
sometimes consisting of 2 bands, each about a foot in thickness, 
sometimes divided into 3 or 4 thin seams. Frequent alternations of 
character are thus presented in the coal seams as traced from point 
to point, a band of slate usurping the place of coal, and being again 
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replaced by that material. This seam has not been found on the 
river between the two last mentioned localities, but it must occur a 
short distance inland, as the calcareous rock underlying it is met 
with at several points on the river intervening between these lo- 
calities, clearly indicating the existence of the coal in the hills a little 
removed from the river, though along its margin no exposures are 
to be seen. 

The lower seam was opened several years ago on the estate of 
Mr. Cunningham, a short distance north of the turnpike, but the 
caving in of the superincumbent shales prevented any examinations 
at this point. The seam is said to yield from two to three feet of 
coal of good quality. 

Eight or ten feet beneath the coal is a band of impure limestone 
two or three feet thick, included in calcareous, argillaceous slates, 
and occasionally containing nodules of iron ore. This rock has been 
used for lime. 

About three miles below the turnpike on Stoney river the sand- 
stones and slates, identified as those overlying the lower seam, are 
exposed for a short distance, at first horizontally, and afterwards 
assuming a SE. dip. These slates are beautifully fossiliferous, 
abounding in ferns and other vegetable impressions, and moreover 
contain two bands of very rich iron ore, the upper varying from one 
to six inches, the lower from two to three. ° 

Higher up the hill the peculiar calcareous rocks, elsewhere seen 
to separate the upper or second seam from the lower, are slightly 
exposed, consisting in part of a quite pure limestone. The upper 
seam may therefore be expected at a greater altitude in the hill not 
far above the limestone. 

Four miles above the turnpike the lower seam is again exposed, 
sometimes divided into two, each about a foot in thickness, the sepa- 
rating material being a thin seam of slate. In other places the in- 
tervening slate expands to a thickness of two or three feet, and thin 
bands of the same material appear in the upper and lower portions 
of the seam dividing them into five or six thin layers. 

The limestone underlying the coal occurs just at the river’s edge, 
exposed to the depth of three or four feet, which is probably its 
full thickness. It is of a dark blue colour and fine grain, more ar- 
gillaceous above than below, and containing nodules of pure iron ore 
near the bottom. . 

This seam also shews itself at the falls of the river 7 miles above 
the turnpike, consisting here of several thin bands, only the upper 
one of which crops out from beneath the bed of the river. It is 
about one foot in thickness, of good quality, but disposed to crum- 
ble. Of course the underlying limestone is not exposed, the coal 
being the lowest stratum in view, but it must occur not far inland, 
as the dip of the rocks would there cause it to crop out. Above the 
coal, and separating it from the calcareous rock hereafter to be 
mentioned, are shales and shaly sandstones, in the lower part of 
which, and immediately over the coal, is a rich band of iron ere 
four inches thick. 
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Limestone between the First and Second Seams. 


Wherever in this basin a sufficient depth of exposure was met 
with, a calcareous band of rocks was found to intervene between 
the upper and lower coal. All the members of this band are of a 
light lead colour, and are usually calcareous, though assuming the 
characters of shales and sandstones, and occasionally of quite pure 
limestones, and generally including one or more seams of iron ore. 
This band is seen imperfectly exposed on Stoney river about three 
miles below the turnpike, but the presence of iron ore in it could 
not be satisfactorily ascertained, from the obscured condition of the 
strata. Four miles above the turnpike it is again exposed on the 
river, overlying the lower coal, and separated from it by 15 or 20 
feet of shales and sandstones. It here abounds in a rich iron ore, 
occurring in nodules sometimes eight and ten inches in diameter, 
fine grained, homogeneous, and of a delicate lead colour. Besides 
this variety, it also contains another and coarser kind, quite siliceous, 
and having the aspect of a poor ore when freshly fractured, but 
upon exposure assuming a deep ferruginous hue. This is irregularly 
distributed in the shales. 

At the falls of Stoney river the same band is again exposed, with 
a thickness of from 15 to 20 feet, in the upper part siliceous, in the 
lower shaly. Here the coarser variety of ore predominates, and is 
found in great abundance. At the preceding localities the rocks in 
question shew themselves 30 or 40 feet above the water’s edge, but 
five miles above the turnpike, owing to the rapid rise of the bed of 
the stream, they are exposed immediately above it, but too imper- 
fectly to ascertain the extent of iron ore included in them. 

At the falls of the river the calcareous band rests immediately 
upon the lower coal, whereas at other localities they are separated 
by more than 20 feet of other strata, so that it is impossible to give 
any rule of general application as regards its distance from the lower 
or the upper seam. 

The importance of this band, due to the valuable layers of lime- 
stone and iron ore it contains, cannot fail to suggest to those inter- 
ested in this region, the advantages that may be derived from an 
examination of its contents wherever it may be exposed. Nor 
should it be forgotten that the limestones of this band, as well as 
the similar rock occurring beneath the lower seam, are of sufticient 
purity to be made subservient to the agricultural improvement of 
the neighbouring country. 

It may be added, that at some points the micaceous slabby sand- 
stones have a cleavage that admirably adapts them for flagging and 
similar purposes. 

Western Basin. 


The coal measures of this basin extend high up on the western 
flank of the ridge, separating Stoney river and Difficult creek, and 
there expose a coal seam, which, by comparing the associated rocks, 
has been identified with the upper of the two seams described as oc- 
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curring in the last basin. No openings, however, have been made 
on the Virginia side of the basin. Judging from the outcrop of this 
seam it includes about two feet of good and one of impure coal. As 
might be inferred from its lying near the eastern margin of the basin, 
its dip and that of the enclosing rocks is to NW. Still lower down 
the hill, and geologically underneath the upper seam, the calcareous 
band is exposed, associated with iron ore, which appears by infiltra- 
tion to have been converted into peroxide. 

The lower seam shews itself in the bed of Difficult creek, a short 
distance above the turnpike, presenting a thickness of about one 
foot. On the eastern side of a bold hill, interposed between Diffi- 
cult creek and the N. branch, we meet with the calcareous band, 
and at a higher level the overlying coal seam. Above the coal, and 
forming the upper part of the hill, is a considerable thickness 
of olive drab shales, which are well exposed on the turnpike, but 
give no indications of either iron or coal. Just to the east of 
the North branch these shales are seen to change their dip from 
NW. to SE., indicating the position of the centre of the basin. It is 
extremely improbable that any other than the two seams already 
mentioned, have been retained in this portion of the basin on the 
Virginia side, but in Maryland, ascending the bold flank of the Back- 
bone from the North branch, one, and probably two, higher seams 
occur. Not having been opened their thickness is unknown, but 
should future explorations prove them valuable, it would be advis- 
able to search for them further south on the Virginia side, where, 
possibly, through the less denuded state of the surface, they might 
be found high up in the hills. 


CuHaptTer 38. 


Basins of Preston and Monongalia Counties—Mount Carmel Basin 
and Briery Axis. 


The Backbone of Alleghany, west of the last of the three minor 
basins above described, is a broad anticlinal axis, flanked and for 
the most part capped by formation XII. Of course, therefore, while 
the conglomerate of its eastern slope is seen dipping gently towards 
the SE. so as to underlie the coal measures of the basins immediately 
east of it, that of its western side presents the contrary inclination. 
But owing to the short interval between these gentle western dips, 
and the recurrence still farther to the west of eastern ones, the beds 
of formation XII.-forming the shallow trough across which the 
Northwestern turnpike passes, are either at or very near the sur- 
face, and thus in this region no coal rocks are seen in the interval 
between the Backbone axis and that lying next west of it. 

This shallow basin, however, expands and deepens as it extends 
in a northwesterly direction through the adjoining parts of Mary- 
land, and when traced into Pennsylvania is found to be identical 
with that described by my brother, prof. H. D. Rogers, as included 
between the axes of the Alleghany and Negro mountains. 


560 


The wide region of broken and lofty hills, very erroneously traced 
on the map under the name of Briery mountain, where traversed by 
the Cheat river, displays the underlying Appalachian rocks forming 
a broad anticlinal axis, comprising the formations from IX. to XI. in- 
clusive, the eastern slope of which forms the western side of the 
basin here referred to, while the western slope extending nearly to 
the Cheat river, directly east of Kingwood, becomes the eastern mar- 
gin of another basin, in the midst of which that town is situated. 

Of the eastern and western limits of this broad tract, occupied 
by the lower formations, and in which, therefore, the coal measures 
are no where to be found, the several subjoined details will enable 
the reader to form a correct opinion. 

At Mount Carmel and along the valley of Rhine creek formation 
XII. has been swept away, leaving the underlying rocks of XI. ex- 
posed. At Mr. Schaeffer’s in this valley, about one mile to the 
south of German Settlement, the limestone (XI.) of the eastern side 
of this basin is displayed to the depth of from 20 to 30 feet. The 
rock is of a dark greenish grey colour and quite fetid, yielding an 
impure though workable lime. No traces of it are to be met with 
on the turnpike. 

The centre of this basin passes through Mount Carmel, where 
the limestone is exposed. The upper beds of the same rock are also 
seen a short distance to the SW. of the village on the cross road 
leading to the Kingwood road. It is here underlaid by a sandy 
limestone, adjoining which the upper bed is impure, though still 
higher it is of great purity. Near this the upper part of the lower 
limestone is seen, consisting of rock of very good quality. One mile 
to the SW. of Mount Carmel the lower part of the lower limestone 
displays itself of a delicate greenish drab colour, and one fourth of 
a mile still more towards the west, as we approach the mouth of 
Salt Lick, we pass out of the limestone and enter the next forma- 
tion (X.), west of which we come upon IX. which continues to the 
mouth of Salt Lick. 

In the vicinity of German Settlement, on the summit of a high 
hill on the northern side of Rhine, is the outcrop of a body of iron 
ore of superior quality. It occurs on the surface over a wide area 
in large fragments, and is also found a short distance beneath. 
These fragments are evidently in place, and are portions of a bed 
which occurs near the surface, in the upper part of formation XI. 

The conglomerate of the western side of the basin is seen $ mile 
to the east of where the road crosses Snowy creek. It is here very 
irregular in its line of outcrop, owing to great inequality of denuda- 
tion, and forms a low hill which both to the north and south of the 
road rises to a much greater elevation. This high ground termi- 
nates to the north of the valley of Rhine creek, where the under- 
lying rocks are exposed. 

The lowest formation seen in the Briery axis, south of the Piney 
swamp country, is IX. On the Uniontown road leading through 
Mount Vernon, the conglomerate of the eastern side of this axis 
appears not far to the west of Herndon creek, and its line of out- 


361 


crop which is here quite irregular, is for 3 or 4 miles nearly coin- 
cident with the state line, encroaching a little on the Virginia side. 

This axis is denuded into irregular lines of hills, all of which 
attain a nearly equal height, viz: about 1600 feet above the level of 
the Cheat river opposite Kingwood. 

The limestone of XI. of the western side of this axis is exposed 
half a mile west of the Uniontown road, on the estate of Mr. Chris- 
tian Smith, in the valley of Roaring creek. At this place only about 
8 or 10 feet of it are seen, consisting of fine grained dark and light 
grey limestones of excellent quality. 

Where the axis is crossed by the Uniontown road, formation X. 
is not met with in mass, but fragments of its olive coloured con- 
glomerate bestrew the surface. On the Kingwood road, however, 
formation X. of the eastern side of the axis comes in view a short 
distance west of Snowy creek, presenting of course a southeastern 
dip. On the creek, and therefore east of X., the limestone of XI. 
makes its appearance. 

On the western side of the axis the limestone is exposed at many 
places south of the Kingwood road, and both its upper and lower 
divisions are seen about 4 miles from the road in the same direction. 
The former consists near the top of a fine grained dark bluish grey 
limestone, in the middle of a similar rock having a light grey colour, 
and at bottom of a dull bluish rock less pure than either of the pre- 
ceding. The latter is of a light grey colour and very pure, and 
judging by the fragments seen around, is underlaid by the usual bed 
of sandy limestone. Both the upper and lower limestones are fre- 
quently exposed between this and where the Cheat passes through 
the axis, and along this deep trench in the mountain it displays itself 
in a bold escarpment. 

At Everlie’s mill on Muddy creek, the limestone of the western 
side of the axis is met with of a deep blue above and a light grey 
below, and throughout homogeneous and rich. It here rests upon 
a red sandy limestone or calcareous sandstone. The Pine swamp 
region is made up of the rocks of formation XI., the limestone gen- 
erally at the surface. The most eastern exposure of the limestone 
of the western side of the axis is on or very near the state line. 
About half a mile east of this line formation X. comes in view. 

The limestone of the eastern side of the axis is extensively ex- 
posed on the Youghioganey at the mouth of Hoy’s run in Mary- 
land. It is of a deep blue colour, impure and slaty, and highly fos- 
siliferous. 

Opposite Kingwood the western boundary of the conglomerate 
is 2 miles east of Cheat river. Further north the eastern boundary 
of the conglomerate is 14 miles east of where the road crosses Roar- 
ing creek. 

This axis is cut through by the Youghoganey, which leaves it 
not far above the mouth of Bear creek. To the north of this, the 
main central ridge of the axis is known as Negro mountain, and the 
western ridge, which is the continuation of the Briery mountain of 
- Virginia, is called Winding ridge. This ridge is capped by the con- 
16 
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glomerate of XII., the western boundary of which is 14 miles to the 
east of Petersburg. . 

To the south of where Cheat river leaves this axis, it is divided 
into two bold ridges; the eastern one, that which you descend in 
going from Mount Carmel to the river, is known as Cheat moun- 
tain. No. X. is exposed near its summit, 3 miles southwest of Mount 
Carmel. 

It is impossible to define the western boundary of the conglom- 
erate on the summit of this mountain, as there is a wide area to the 
west of Mount Carmel, without exposure, being a flat country, the 
soil of which is rich in the pebbles of the conglomerate of XIL., 
leaving no doubt of that formation being almost immediately be- 
neath the surface and in a horizontal position. In the centre of the 
axis, which is at Hooton’s, the rocks of IX. are thin and large, and 
interstratitied with olive shales like those of No. VIII. 

The ridge made up of the western side of the axis is known as 
Laurel mountain. The eastern boundary of the conglomerate dip- 
ping W., flanking and capping it, is 24 miles W. of the mouth of 
Big Buffaloe. 

The limestone of XI. is slightly exposed on the eastern flank of 
this mountain, 2 miles W. of the mouth of Big Buffaloe. It is 
argillaceous, and of a dingy grey colour, but burns into a workable 
lime. 


CHAPTER 4, 


Kingwood Basin and Kingwood Axis, the same as the Laurel Hill 
Axis of Pennsylwania. 


West of the Briery axis, just described, there occurs a narrow 
though important basin, including coal seams and other valuable 
deposits, whose boundary on the west is formed by a low and gentile 
axis, the continuation of that described by professor H. Ds Rogers 
as the Laurel Hill. On looking at the map, it will be perceived that 
after crossing the Cheat river, the Briery mountain is represented as 
pursuing a NE. course for about 10 miles, and then taking a direc- 
tion due north to the head of Little Sandy creek in Preston county, 
after which it again assumes its northeastern bearing, passing into 
Pennsylvania, where, some distance north of Smithfield, it is known 
as Laurel Hill. By the delineation thus presented, the false impres- 
sion is likely to be made that the whole of this winding tract of 
highlands constitutes in reality one range or axis, while in fact it 
comprises two. The eastern or Briery axis has already been de- 
scribed as following the direction indicated on the map, from the 
Cheat river to Pine swamp, passing through and a little west of the 
latter tract in the prolongation of the same northeastern line, and 
following the direction of the Youghoganey towards Selby’s Port, 
so as to pass a little east of Smithfield on the National road in 
Pennsylvania, a few miles north of the state line.. Throughout much 
of this tract, the denuding agencies have cut down this elevated 
region into a series of hills or knobs, so as to present but little indi- — 
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eations in the topography of the regular course of the axis here 
referred to. 

The western axis, of which on the map a small portion is deline- 
ated near the NE. corner of Preston county, is in reality continued 
in a southwesterly direction a little west of Kingwood, and forms, 
as already stated, the western boundary of the basin of which I am 
about to treat. The ridge delineated as connecting the two axes, in 
anorth and south direction, a little west of the Preston line, is in 
fact a part of this basin, occupied by comparatively high ground, 
and comprising the coal measures intervening between the two axes 
just described. I have been thus particular in correcting the erro- 
neous impressions likely to be produced by an inspection of the 
map, from a wish to convey to the reader a clear conception of the 
region in the present instance so falsely indicated by the topography 
laid down on our map, and from a conviction that accurate knowl- 
edge of this description furnishes the only guide to sure and suc- 
cessful research. e >. 

The following data will serve to indicate the course and bounda- 
ries of this basin, as well as to illustrate the nature and extent of the 
valuable materials which it includes: ; 

North of Kingwood, the conglomerate of XII. is but slightly 
exposed on the summit of this western ridge, (Kingwood axis,) and 
is rarely seen in place over an extensive area. On the Brandonville 
and Selby’s Port road, 6 miles from the latter and 2 miles east of 
the junction of this and the Crab Orchard road, (vide map,) it is 
seen in tabular masses, but does not here form a distinct ridge, the 
coal rocks rising to an equal elevation. It may thence be traced 
through a point 14 miles west of Muddy creek on the Brardonville 
road, and across the Cheat a short distance above the mouth of 
Laurel run. 

The limestone of formation XI., underlying the conglomerate of 
the eastern side of this axis, rises above the water’s edge on the 
Cheat, about 4 mile below the mouth of Laurel run, and continues 
in view for about half a mile. Including the interstratified argilla- 
ceous shales, it is here about 80 feet thick, the upper 50 or 60 of 
which consists of a deep blue and bluish grey rock, highly bitumi- 
nous and fossiliferous, and largely interstratified with soft argilla- 
ceous shales, and sometimes, though rarely, with pinkish calcareous 
bands. The lower 15 or 20 feet include light grey and bluish fine 
grained limestones, very rich in lime, frequently displaying the 
oolitic structure. Associated with these lower bands, we find layers 
of a dark lead colour, presenting a strong ferruginous stain where 
weathered. This variety, as will hereafter be seen, yields a good 
hydraulic lime. 

About % of a mile below the mouth of Laurel run, the limestone 
ceases to be exposed, and we meet with fragments of coarse sand- 
stone strewed profusely over the surface, belonging to forma- 
tion X. 

The limestone of the western side of this axis is exposed on 
Cheat river, of a mile above the mouth of upper Bee run, and 
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though badly displayed, evidently exists in a large body. Much of 
it is of excellent quality, and yields a superior lime. Overlying the 
limestone is a massive sandstone, slightly calcareous, and varying in 
colour from a dingy white to grey, fine grained and homogeneous, 
15 or 20 feet thick. The red slates and sandstones of the upper part 
of XI. are also here slightly exposed, and contain iron ore of supe- 
rior richness, though apparently in thin seams. 

Two miles west of Kingwood, the conglomerate shews itself 
over a width of about } of a mile, though even within that area its 
depressions are occasionally filled with the shales of the coal meas- 
ures. It does not occur on the summit of the ridge, but rather to- 
wards its eastern side. 

As it extends in a southwesterly direction, this axis opens out 
and at some undetermined ‘point between this and the NW. turn- 
pike, brings formation XI. into view. Where intersected by the 
turnpike, it forms the two ridges crossed in going from Evans- 
ville to the Tygart’s Valley river. The most eastern of these ridges, 
known as the Three Fork Hill, presents the conglomerate on its 
eastern side, passing out of view with a gentle southeast dip. This 
occurs $ mile west of where the turnpike crosses the Three Fork 
creek. The western of the two ridges, called Fort hill, is flanked 
towards its western base by the same rock, here of course inclining 
to NW. This is seen 2 miles west of Tygart’s Valley river. 

The valley between these ridges is made up of the upper rocks 
of formation XI., but they are not sufficiently developed to expose 
the limestone. 

At Kingwood the basin is 6 miles in width, but in the neighbour- 
hood of Evansville it is much wider. At the same time, however, 
its depth does not appear to be increased, and hence unless some 
important change in this particular should occur as it extends still 
further south, there is no reason to anticipate the existence of any 
higher seams of coal in that direction, than in the part of the basin 
lying between Kingwood and the turnpike. 

As far as this basin has yet been examined, it contains but three 
seams of coal, the two upper ones alone being worked. Of the Jow- 
est seam but little is known. It is said to be in view in the bed of 
Cheat river at very low water, half a mile below the Kingwood 
ferry, and was slightly exposed a few years ago by a slip at Snyder’s 
mill, on this river, resting as is affirmed upon a limestone. It has 
been worked only at one locality, but the opening is now concealed. 
This seam, on account of its low position, will only be accessible 
where the Cheat river cuts through the centre of the basin. Where 
formerly opened, at the point alluded to above, one mile below the 
Kingwood ferry, the shales which overlie it contain jive bands of rich 
iron ore within the space of four or five feet, the lowest band occa- 
sionally four or five inches thick, the upper ones generally about 
two inches, 

The middle seam generally yields from two to three feet of coal 
which is valued for fuel, but rather too sulphureous for the forge. 
Being more conveniently placed than the upper seam, and being ex- 
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posed on both the eastern and western sides of the basin, it is very 
generally mined. 

The upper seam, wherever met with, is found low down on the 
flanks of the hills. Besides a general examination of this seam in 
different parts of the basin, particular attention was given to its ex- 
ploration, and that of its associated strata, as displayed on thie flanks 
of the hills bounding the Cheat, where peculiar facilities existed in 
aid of our investigations. Where this seam has been explored by 
colonel Fairfax at several localities, south of the Kingwood ferry, it 
varies from two and a half to three feet in thickness, and is overlaid 
by about a foot of slaty coal. Beneath it is a calcareous rock, the 
upper two feet of which is shaly, but the lower four or five, com- 
pact and tolerably pure limestone. The shales overlying the coal 
abound in nodules of a very rich iron ore of a delicate grey colour. 

The same seam has been opened at various places near the river, 
but owing to the circumstance that the mining is performed in the 
winter only, the workings, when visited, were not in a state admit- 
ting of satisfactory examination. Where worked on the west side 
of the river, a quarter of a mile south of Kingwood by Mr. Price, 
the seam is two feet six inches thick, not as usual covered by a layer 
of slaty coal. It is quite sulphureous, of a compact texture below, 
but inclined to crumble towards the top. The iron ore found in the 
overlying shales on the opposite side of the river is here replaced by 
nodules of impure limestone. 

The limestone situated beneath this seam is not here in view, but 
presents itself a quarter of a mile further south, not in a solid stra- 
tum, but in nodules three or four feet in diameter. It is however 
rich in lime. 

About a quarter of a mile west of the ferry, this seam is worked 
by Mr. Kelso, and is here covered by shales containing rich nodules 
of iron ore, and rests upon the usual bed of limestone. It is seen 
near Snyder’s mill with the limestone beneath, the latter said to be 
four or five feet thick, and of a character to furnish good lime. On 
the estate of Mr. Crane, on Sypole run and on Muddy creek, the 
seam is divided into two portions by a band of slate five or six inches 
thick, the upper portion about two feet wide, the lower unknown. 
It was also identified at several other localities in the northern por- 
tion of the basin, but the exposures were too partial to give correct 
information either as to the thickness of the coal or its character. 

On the western side of the basin the same seam is worked on the 
estate of Mr. Higgins, half a mile west of Kingwood, and here it is’ 
but 18 or 20 inches thick, though further south in the same meridian 
it expands to four feet. 

The upper seam is generally mined on both sides of the basin, on 
the summit and high up on the flanks of the ridges, but towards the 
middle of the basin the hills are rarely of sufficient altitude to allow 
of its being present. Though apparently wanting or partially re- 
placed by other rocks in that part of the basin lying to the west of 
Kingwood, it is of general occurrence and quite accessible in posi- 
tion throughout the remainder of the basin. (See Appendix.) 
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The coal of this seam is generally of a better quality than that of 
either of the lower ones, but as will be seen by the following de- 
scriptions, is very variable in thickness. At Mr. Beatty’s, 3 miles 
south of the mouth of Buffalo creek, it measures about 4 feet, in- 
cluding 8 or 10 inches of impure slaty coal. It is very compact, ot 
a dull lustre, and striated structure, with its fracture perpendicular 
to the Strie, and breaks with difficulty. It ismuch approved by the 
blacksmiths. One fourth of a mile south of this, where opened on 
the estate of Mr. Wolf, its quality is the same, but its thickness is 
reduced to about 3 feet. 

Two miles SSW. of the mouth of Buffalo creek, on the estate of 
colonel Fairfax, the seam is divided by a band of slate 6 or 8 inches 
in thickness, inclusive of which it has a total width of 5. feet. At 
Mr. Murrell’s, on the head of Deep Hollow run, it has dwindled toa 
width of 18 or 20 inches, and near Snyder’s mill it measures about 
the same. At the former locality the overlying shales are very rich 
in fossils in a fine state of preservation. 

On the western side of the basin opposite Kingwood this seam is 
much thicker. On the estate of Mr. Higgins it measures 7 or 8 feet, 
including the interpolated shales, and yields about 5 feet of coal, 3 
of which is in one uninterrupted stratum. Corresponding to this 
increase of thickness, there is an improvement in the character of 
the coal. But the expansion here described is quite local. 


Limestone of the Kingwood Basin. 


The coal measures of this basin contain 3 bands of limestone. 
The lower band, underlying the lowest coal seam, is exposed but once 
in the bottom of the river near Snyder’s mill. Its character and 
thickness are as yet, therefore, matters of conjecture. 

The middle band underlies the middle coal seam, and has been 
already alluded to in the description of that seam. It often attains 
a thickness of 4 or 5 feet, and from its purity and frequent exposure, 
is to be esteemed a valuable resource in connection with the agri- 
cultural improvement of this region, as well as for other uses to 
which it may be applied. Should its powers as a hydraulic cement 
correspond with external indications, and the results of the trials I 
am now making, it will acquire a new claim to the attention of those 
interested in its development. The average thickness of the bed, as 
examined at a great many places, is about 4 feet. It is usually of a 
‘light grey or delicate lead colour, fine grain, homogeneous, and pos- 
sessing a very smooth fracture. Though often largely impregnated 
with iron, it is probably never so much so as to be unfit for mason- 
ry, to which it has been frequently applied with satisfactory re- 
sults. 

The upper band of limestone is found between the middle and 
upper coal seams at variable intervals from each. It is associated 
with a white argillaceous clay and shales of a very peculiar charac- 
ter, analogous to those met with in a similar position in the Hardy 
basins, and which there contains iron ore. Here, however, the ore 
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is replaced by nodules of limestone, which are sometimes quite fer- 
ruginous, though always containing a preponderating amount of 
limestone. In many portions of the basin these nodules are replaced 
by a stratum of limestone, frequently four or five feet in thickness, 
which is generally exposed on the hills flanking the Cheat, in con- 
nection with the peculiar clay and shales before mentioned. On the 
western side of the basin the clay and shales are wanting. As stated 
above, this band varies in its position between the two coal seams, 
being at some localities 50 or 60 feet above the lower seam, while 
at Mr. Hagan’s the two are only separated by four or five feet, and 
on Sypole run by eight or ten feet. This and the middle limestone 
are so much alike, that it would be difficult, by aspect or composi- 
tion, to distinguish the one from the other. When largely i impreg- 
nated, as it sometimes is with iron, it burns with difficulty, and 
slakes slowly, but nevertheless makes a valuable lime. From the 
trials now in progress, of which a partial report will be given in the 
sequel, it will be seen that portions of this rock form an admirable 
water cement. 

Iron Ores.—The occurrence of iron ore has been alluded to, in- 
cidentally, in describing the coal and limestone. Besides the local- 
ities thus referred to, several others will now be noticed. One of a 
very superior quality occurs on Deep Hollow run, a tributary of 
Muddy creek, near its junction with that stream, which is two and 
a quarter miles above its mouth. The band varies in thickness from 
three to twelve inches, and apparently over a wide area. Beneath 
it, a distance of three or four feet, is a calcareous shale containing 
nodules of impure iron ore, eight or ten inches indiameter. It may 
be added, as imparting high vaiue to this ore, should it be found to 
continue of the requisite thickness, that Muddy creek affords a suffi- 
cient fall of water, and is proverbial for maintaining its stream un- 
diminished throughout the summer. 

A very rich ore occurs on the surface, on the estate of Michael 
Hartman in the Crab Orchard: the fragments are strewed on the 
surface over a wide area, and indicate a continuous vein. It is fos- 
siliferous, of a dark red colour and very pure. Its place is probably 
either a few feet above or below the second coal seam. 

The shales of the coal measures very generally contain iron ore 
in small nodules, but the indications do not favour the opinion that 
a large amount of ore is to be met with in this basin. As near Mor- 
gantown, and in other parts of the great coal region, the shales im- 
mediately succeeding to formation XIIJ., were found very rich in 
ore; examinations were made in the corresponding strata of this 
basin, without discovering any decidedly abundant seam, though 
small bands were continually met with. It may be well to add, that 
the Bear creek furnace, near Selby’s Port, was formerly supplied 
with ore from these shales, which, on the National road, east of 
Petersburg, appear to contain a band of valuable thickness. It is, 
therefore, by no means improbable that further investigation may 
disclose this material in the same geological connection fur rther south, 
in sufficient amount to be economically valuable. 


368 


CHaprTer 5. 
Preston Basins, west of the Kingwood Basin, and Preston Axis. 


In Pennsylvania, and on the Virginia side near the state line, the 
axis last described as bounding the Kingwood basin on the west, 
constitutes the eastern boundary of a coal basin, which is bounded 
on its western side by the Chesnut ridge of Pennsylvania or the 
Laurel hill of Virginia. But as this basin extends south, it is 
divided into two by the development of an anticlinal axis, which, 
for the sake of distinction, I will designate as the Preston axis. This 
axis was not recognized farther north than the Morgantown and 
Crab Orchard road, which crosses it one and a half or two miles 
east of Big Sandy. The conglomerate of XII. is there slightly ex- 
posed on the summit of the ridge, and also at its foot on Sandy, 
though the flank of the ridge is covered by the coal measures, which 
at this place are locally removed. Between the mouths of Gum 
Camp run and Big Sandy, the rocks of X. of this axis are exposed 
on the Cheat, consisting generally of a reddish grey sandstone. 
Overlying these we have the usual reddish grey, fine grained sand- 
stones, very obliquely stratified, internally of a light grey colour, 
slightly calcareous, 20 or 30 feet. thick. Overlying these a fine 
grained limestone is slightly exposed. These rocks have a very slight 
inclination to the NW. 

This axis is exposed on the Morgantown and Kingwood road five 
and three quarter miles from the latter, which makes the eastern 
basin about three and three quarter miles in width; the original 
basin is therefore about equally divided by this axis, the general 
width of each being about four miles. 

The most southern exposure of this axis is on the road from 
Kingwood to Smithfield in Monongalia county, 4} miles from the 
former place, where it developes quite a prominent ridge. On this 
high ground, the coal rocks are very irregularly denuded, and in 
some places occur on the summit of the ridge, though the conglom- 
erate is there generally exposed. At this point, the eastern of these 
two coal basins is not more than 2 miles in width. 

But little is known of the coal seams south of the commencement 
of this axis, as our examinations have as yet been confined to the 
neighbourhood of Brandonville. At this place there occur three 
seams of coal, which we succeeded in identifying with those of the 
Kingwood basin. The lowest of these, as in the Kingwood basin, 
is too low to be generally accessible. It was exposed in the bed of 
Sandy in making the examinations necessary for sinking the sills of 
the bridge, but nothing could be learned respecting its thickness. 

The middle seam is most generally worked, though usually 
thinner than the one above. Where opened near the bridge over 
Big Sandy it is said to be 4 feet thick. The coal is quite sulphure- 
ous and overlaid by a highly carbonaceous slate. It is also quite 
variable in thickness, as will appear from the fact, that on the estate 
of Mr. Rhodoheaver, one mile east of Brandonville, it measures only 
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2 feet 9 inches. Though worked in numerous places in the neigh- 
bourhood of Brandonville, the condition of the openings which are 
in use only in the winter, made it impossible to examine the seam, 
excepting at a few points. 

‘The upper seam worked at a higher level on the hills, is supe- 
rior to that of the middle seam, but its thickness and local charac- 
ters remain for future investigation. 

Limestone.—Between the middle and upper coal seams is a band 
of limestone about 4 feet thick. It is of a dark bluish grey colour, 
fine grain, smooth fracture, and like most of the limestones of the 
coal measures, slightly ferruginous. This band has been quarried 
near the Sandy bridge, and is seen on the estate of Mr. Rhodo- 
heaver, one mile east of Brandonville. 

One and a half miles above the bridge on Big Sandy is a bed of 
coarse iron ore which appeared to be upwards of a foot in thickness, 
and a similar ore is associated with the limestone. 

Whether these three coal seams are contained in the basin after 
the development of the axis, is yet to be determined. That portion 
of the basin lying north of Cheat river was examined as minutely 
as the scarcity of openings would permit. From the imperfect data 
yet collected, it would appear probable that the upper of the three 
seams is met with in this portion of the basin. As occurring on Mr. 
Seaport’s land, it measures 4 feet, and presents at some depth be- 
neath, a fine grained, homogeneous, argillaceous and siliceous slate, 
much approved of as an oil stone. 

A limestone of good quality occurs in this basin, but its position 
in relation to the coal seams has not yet been determined. On the 
estate of Mr. Walls this band is about 4 feet thick, it is also slightly 
exposed on the estate of Mr. Gribblo. In the Monongalia Glades, 
if report be true, the coal seams above noticed must be developed 
in much greater thickness than usual, but on this subject future 
observations can alone enable me to decide. 


CHAPTER 6. 
Laurel Hill Azis—TIis Limestone and Iron Ores. 


The broad elevated tract extending from Pennsylvania into Pres- 
ton and Monongalia counties, in a direction nearly coinciding with 
their common boundary, and which is described on our map under 
the name of Laurel Hill, contains another and the last important 
axis met with in this part of Virginia. As followed in a south- 
westerly direction, the dips of the rocks on both sides of the ridge 
are seen rapidly becoming less, and the axis thus flattening out soon 
buries from our view the Appalachian strata previously exposed, 
while the ridge itself subsiding to a less and less elevation, is at 
length entirely lost in the general level of the country. Beyond 
this point, which is near the head of Field’s creek, a tributary of 
Three Fork, there is in reality no mountain such as delineated on 
our map, but an undulating region scarcely to be distinguished from 
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the adjoining tracts on either side, and all that remains of the orig- 
inally conspicuous axis is merely a gentle roll or broad wrinkle in 
the coal measures, of too little force even to bring the conglomerate 
of formation XII. into view. Hence more correct conceptions of 
the topographical as well as geological features of this tract would 
be imparted were all that portion of the Laure] Hill laid down as 
extending south of the head waters of Field’s creek obliterated from 
the map. 

The few details annexed will serve to shew the position of the 
eastern margin of the great coal region extending from the western 
flank of this mountain across the valley of the Monongahela, but 
much farther exploration must yet be devoted to this region, before 
I shall fee] prepared to enter into a minute description of its struct- 
ure and contents. The value of the ores and limestones associated 
with formation XI. and with the lower coal rocks of the Laurel Hill 
axis, will be illustrated sufficiently for the present, by the accom- 
panying descriptions of them, as seen at several important localities, 
as well as by the details of their composition comprised in the chem- 
ical division of the report. 

The upper limestone of XI. forming the eastern side of this axis, 
first rises above the surface near the junction of Lower Bee run 
with the Cheat where it is boldly exposed. So much of this lime- 
stone as is here in view, amounting to about 20 feet, is seen to con- 
sist of rocks generally of a fine grain, smooth fracture, and dark 
grey colour, though sometimes bluish black. 

Between the upper and lower limestone are about 30 feet of 
sandstone. of a light grey colour, less calcareous than that which 
usually underlies the limestone, and wanting its diagonal markings. 
Beneath this sandstone is about 4 feet of limestone of a light grey 
colour, having much the same aspect as the overlying sandstone. 
Beneath this is about 4 feet of a less calcareous rock, of a light 
grey colour, largely impregnated with iron. Beneath this we en- 
counter the gritty or sandy limestone with the characteristic mark- 
ings running obliquely between the surfaces of stratification. 

The limestone of the eastern side of this axis is again slightly ex- 
posed at the quarry of the Greenville furnace, in a gorge of the 
mountain near the state line. These are the only exposures of this 
rock as appertaining to the eastern side of the axis, north of the 
Cheat river. 

The conglomerate (formation XII.) of the eastern side of this axis 
shews itself about % of a mile to the west of the county line, where 
it is crossed by Laurel run. It is well exposed in the lateral gorges 
of the mountain, where it is seen stretching at a gentle angle from 
the base to the summit. It generally covers an area from % to 1 
mile in width. 

On the summit of the mountain is a narrow denuded valley, com- 
posed of the upper part of XI. The denudation is not here deep 
enough to expose the red shales and sandstones of this formation, 
the only rocks laid bare being the black slates which immediately 
underlie XII. It is among these shales that the ores supplying the 
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Henry Clay and Greenville furnaces are-found. These ores occur 
in three different bands, which are in general included in a section 
of 20 and always within 30 feet. 

The upper or castile vein, the most uniform in thickness, varies 
from 8 to 15 inches, and having but a slight covering of shale, has, 
been less protected than the lower bands from atmospheric agencies. 
It is therefore usually found in a decomposed state, the whole bed 
sometimes presenting the condition of a friable shaly oxide, much 
valued on account of the ease with which it works. Occasionally 
it occurs in nodules merely encrusted with the oxide, the nucleus 
being in the original state of proto-carbonate. 

Beneath this, 8 or 10 feet, we meet with the middle or rock vein, 
generally 8 or 10 inches thick, though varying from 4 inches to 3 
feet. This is for the most part compact and undecomposed, more 
uniform in character than the other veins, and in general rich and 
fine grained. 

Below this, at a depth of about 8 or 10 feet is the lower vein, 
varying from 2 inches to 6, and averaging 4 inches. This is usually 
coarse and siliceous, and chiefly valuable at the outcrop, where it 
has been decomposed. All these ores contain vegetable impres- 
sions, 

On the Kingwood and Morgantown road, 9} miles from the for- 
mer place, the conglomerate of the eastern side of this axis is ex- 
posed. The Laurel Hill is here not more than 1 or 14 mile in 
breadth, and on its summit irregularly denuded into small vallies, 
the hills being capped by the conglomerate in large masses, and the 
top of XI. slightly exposed in some of the valleys. 

The conglomerate of the western side of this axis crosses Cheat 
river not far to the west of Quarry run, and continued southwester- 
ly, shews itself on Decker’s creek at the mill, passing at avery short 
distance to the east of Clear’s furnace. The limestone (XI.) of the 
western side of this axis rises above the surface } of a mile east of 
the mouth of Quarry run, and displays itself boldly at the mouth of 
Scott’s run. It is also exposed on Decker’s creek, one mile above 
where the streain leaves the conglomerate. The lower 6 or 8 feet 
is of a light grey colour and very pure; above this, as far as in 
view, it is impure and slaty. Still higher up on the creek, the lime- 
stone of the eastern side of the axis is extensively exposed. 

Tron Ores on Decxer’s Creex.—The ores met with above the 
conglomerate on the western slope of Laurel Hill, and of which use 
is made at Mr. Clear’s furnace on Decker’s creek, may be considered 
as occupying two general geological positions, and will be treated of 
as the lower and upper groups of ores. 

Lower Group or Ores.—In the lower part of the shales un- 
derlying the lowest coal seam, two bands of iron ore occur, each 
about a foot in thickness, and separated by about four feet of shales. 
This ore from its slight protection is generally in a decomposed 
state, consisting chiefly of peroxide of a loose shaly texture, and 
therefore the more easily worked, along with which a nodule of the 
original carbonate is occasionally found: Beneath the lowest of 
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these two beds of ore is a white sandstone, 4 or 5 feet in thickness, 
and beneath this is a third bed of ore, generally 6 or 8 inches thick, 
which, having been defended by the overlying strata, has escaped 
decomposition, and displays its original character of a compact proto- 
carbonate. A few inches below this in the shales, a fourth band 
occurs, 4 inches in thickness. Below this, separated by shales of 
unknown thickness, probably not more than 3 or 4 feet, occurs a 
band of limestone 5 feet thick, portions of which are quite rich, but 
the principal mass impure. From this stratum is procured the flux 
used at the neighbouring furnace. This group of ores occurs very 
extensively on the western side of Laurel Hill, where, owing to the 
gentle dip of the strata, being at about the same angle as the slope 
of the surface, these bands present themselves over a wide area on 
the western flank of the ridge, where they have been traced for 
many miles. As would be expected, owing to infiltrations from 
above, the ore at the bottom of the hill is generally richest. 

Upper Group or Ores.—These ores occur much higher in the 
series, being above the second seam of coal. They rest upon a lead 
coloured siliceous and argillaceous sandstone, and are overlaid by 
siliceous slates of the same colour, which being the first rocks of 
this kind met with above the second seam of coal, may serve as a 
land-mark in searching for the ore. This ore is very variable in 
thickness, usually occurring in large nodules, sometimes fine grained, 
though generally coarse and siliceous, occasionally so much so as to 
resemble a coarse sandstone rather than iron ore. Indeed it fre- 
quently gives no indication of the presence of iron until after burn- 
ing or long exposure. Like the ores of the lower group, it is ex- 
plored over a wide area, being found within a short distance of the 
surface from the base of the hills to their summits. 


SECTION VI. 


OPERATIONS OF THE SURVEY IN THE REGION WEST OF THE 
GREENBRIER RIVER AND IN THE VALLEY OF THE KANAWHA. 


CHAPTER 1. 


Rocks inferior to the Coal Measures in Meadow Mountain, Little 
Sewell, &e. 


Under a former head a general account was given of the extent 
and position of the limestones, shales and sandstones of formation 
XI., as they are widely developed along the eastern margin of the 
coal region in Pocahontas, Greenbrier, Monroe and Mercer coun- 
ties, 

In no part of the state are the effects of denuding agencies more 
strikingly evinced than in the district, here referred to. The wide 
tract occupied by formation XI., instead of presenting along its west- 
ern boundary a regular escarpment composed at top of the conglom- 
erates and sandstones of XII, is here intersected by deep and long 
valleys connected with the waters of Greenbrier and New riv- 
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ers, between which arise lofty knobs and broad ridges, crowned by 
the conglomerate at their highest points, and which, encroaching 
upon the intervening valleys as we trace them towards the south- 
west, coalesce to form the Great Flat Top mountain south of the 
New river. 

The Little Sewell, Meadow mountain and Keeny’s Knobs, are 
composed for the greater part of their height of the shales and sand- 
stones of XI., containing near their upper boundary a thin band of 
siliceous limestone, and capped, as already mentioned, by the con- 
glomerate. All these rocks, with some undulations, display a pre- 
vailing gentle dip to NW., and underlie the strata of the Big Sewell 
mountain. The latter consisting of shales and sandstones, differing 
from those of formation XI., and containing several important coal 
seams, appears to owe its peculiar characters to a remarkable ex- 
pansion of the strata of XII., here including, besides the usual con- 
glomeritic beds, numerous strata of* slates, shales and sandstones, 
the latter often of a pinkish colour. As before remarked, additional 
investigations are required, especially in the vicinity of the New 
river, to ascertain the true extent and character of this intermediate 
formation, and for the present, therefore, no decided opinion can 
be given in regard to these particulars. 

As an important preliminary to these farther enquiries, the 
altitudes of many of the principal knobs and ridges of this region 
have been ascertained by observations with the boiling point ther- 
mometer. Among these are the Big and Little Sewell, Meadow 
mountain, Keeny’s Knobs, and the Blue Stone and White Oak moun- 
tains. By continuing these measurements, and connecting them 
with observations of the dip and character of the strata, I feel no 
doubt of being enabled clearly to elucidate every remaining obscuri- 
ty in regard to the geology of this tract. The interesting question 
relating to the great expansion of the rocks underlying the coal of the 
Kanawha valley, acquires peculiar importance from the considera- 
tion that from these strata there is every reason to believe are de- 
rived the saline ingredients which enrich the numerous salt wells of 
that enterprising and prosperous region. 


CHAPTER 2. 


Sketch of the Coal Seams and other strata along a part of the 
Kanawha Valley. 


Not designing to enter into details with respect to the coal re- 
gion lying west of this tract, and traversed by the Great Kanawha, 
in much of which our researches have not yet been completed, I 
shall merely present a few statements descriptive of the position 
and characters of the coal seams and their accompanying strata as 
developed in the lofty and liberally productive hills which bound 
the valley of the Kanawha between the falls and Charleston. 

It will be seen from these details that for a distance of nearly 30 
miles, viz: from a point a few miles below the falls to Charleston, 
_all or several of the coal seams lying beneath the black flint rock 
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formerly alluded to are to be met with in the slopes of the lofty 
hills on both sides of the river. So great a prolongation of expos- 
ures, displaying the same division of the coal series throughout, 
could not have existed but for the fortunate occurrence in this tract 
of two broad undulations or axes, retaining the strata above the 
level of the river, when by a continuance of the original northwest- 
ern dips as displayed in the neighbourhood of the falls, they would 
have been carried entirely out of view within one third of the dis- 
tance along which they are now exposed. The first or most east- 
ern of these undulations is seen to commence in the neighbourhood 
of Hughes’s creek, the strata changing from their northwestern dip 
to the horizontal, and then rising as they extend westwardly, so as 
to present a southeasterly dip. 

This dip continues to the hill between Keller’s (Kelleys, Ed.) and 
Witcher’s creeks, where it is succeeded by a gentle inclination to the 
northwest, which in a short distance is followed by a restoration of 
the southeasterly dip. The latter inclination continues to the Burn- 
ing spring, gradually elevating the strata so as to carry the lower coal 
seams to some height up in the hills, after which the counter-dip to 
NW. reappears, and continues down the river to within about 10 
miles of the Ohio. 

The following details relating to a few localities will serve to 
convey a general idea of the positions and characters of the several 
coal seains and accompanying rocks as they are exposed to view 
along this magnificent natural section. 

The numerous analogous details already collected, together with 
various researches yet incomplete in regard to the topography as 
well as the geology of this valley, will, it is hoped, hereafter enable 
me to present a full delineation of its structure in the accurate form 
of measured sectious throughout its whole extent, while the chemi- 
cal details relating to its salines now under examination, as well as 
those connected with its coals and limestones, of which a partial re- 
port will be made in the sequel, will complete the interesting scien- 
tific labours devoted to the development of its resources. 

The hills on each side of the Kanawha, in the neighbourhood of 
the falls, are made up of coarse sandstone and conglomerates at the 
base, with an alternation of yellow shales and slaty micaceous sand- 
stones. Immediately in this vicinity no coal is to be seen, but in 
the more lofty dividing ridges, back from the river, it shows itself 
at various places, among which are the vicinity of Scrabble creek 
on the north, and Cotton and the other high hills on the south side 
of the river. 

The conglomerate forming the lower strata for upwards of three 
miles down the river, disappears at the termination of that distance, 
giving place to the overlying micaceous sandstones. About five 
miles below the falls two coal seams make their appearance, but 
neither have at this point been worked. The upper of these is, 
however, more favourably exposed for working, and is accordingly 
opened near Mr. Huddleston’s. It crops out a short distance up the 
creek about 120 feet above the base of the hill. It is a compact lus- 
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trous coal overlaid by a pretty heavy bed of blue shales, and resting 
on yellow shales, neither of which contains many fossil impressions. 
The lower seam, about 90 feet below this, is thinner, and the coal 
is not so good. The shales above it are extremely thin and frag- 
mentary and full of indistinct impressions, principally ferns, &c. 
These hills were found to be about 700 feet in height, profusely 
strewed at their base with fragments of the black flinty rock found 
near their summits, and which will be described hereafter. Two 
or three miles further down the river both of these coal seams, as 
well as the entire structure of the hills including them, are more 
favourably exposed at Smither’s creek and Ryder’s creek. 


Smither’s Creek. 


The lowest coal seam is seen to crop out a short distance up the 
hill from the road side, just before reaching the creek, and has been 
partially opened. It is about three and a half or four feet thick, 
good coal, roofed by thin bluish shales and underlaid by yellowish 
shales. It is also worked about half a mile up the creek. 

The next and most important seam is opened about 100 feet from 
the road up the hill, and is much thicker than the former: it is 
identical with the high seam found near Huddleston, is upwards of 
six feet in thickness, and includes three bands of black bituminous 
shales, the lowest of which is about twelve inches thick. The shales 
over the coal are compact and blue, remarkably free from vegetable 
impressions. Those below are yellow, and contain culmiferous and 
arundinaceous plants. Above this seam there are appearances of 
two other seams. Their tails are, however, extremely thin, and 
little attention has yet been bestowed upon them. About half a 
mile below the creek the main seam has been extensively worked 
by Mr. Stockton, and also below at Ryder’s creek by Mr. Hervey. 
The following sections will furnish a knowledge of the structures 
and relations of these coal seams. 

Section at Stockton’s steam mill half a mile below Smither’s 
creek, commencing at the lowest stratum : 

1. Grey Mica. shales and slaty sandstones. 

2. Grey shales. 

8. Limestone, compact bluish grey, fossil. stems, &c., two feet 
eight inches. 

4. Yellow shales. 

5. Narrow seam of coal. 

6. Yellow micaceous sandstone. 

7. Yellow shales, containing impressions of culmiferous and 
arundinaceous plants embedded obliquely in the mass. 

8. Fine clay, yellowish grey, extremely plastic and tenacious, 
two feet. 

9. Coal seven feet, containing three seams of slate, lowermost 
one foot above the floor of the coal, about three inches thick, 

10. Blue shales, containing but few impressions, and those of 
stems principally, and disseminated masses of argil. iron, &c., 
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11. Slaty shales and micaceons sandstones. 

12. Coal shales, and traces of a very thin seam. 

13. Moderately coarse grained sandstone. 

14. Brownish shales and slaty sandstone. 

15. Traces of coal. 

16. Bluish calcareous shales, few impressions, shells, &c. 

17. Black flint rock disposed in laming from four to ten inches 
thick, seven feet thick. 

18. Coarse grained yellow sandstone, below in heavy beds, above 
more slabby. This latter constitutes the capping of the hill. The 
general dip of the rocks is pretty uniformly to NW. about 2°. 


Ryders Creek. 


A similar section, made at this point, presented precisely the 
same order of stratification, but in consequence of the dip carrying 
out of view some of the lower rocks, the lowest stratum here, on a 
level with the road, consists of the yellow sandstones, which im- 
mediately repose upon the narrow seam of coal below the principal 
seam. 

The principal seam is by the dip brought lower down in the 
hills, and is opened at several points by Mr. Hervey. It agrees in 
structure with Stockton’s seven foot seam, with the exception that 
the thickness of the lowest band of black slate is increased to about 
fifteen inches, so as to leave not more than five and a half feet of 
good workable coal. 

The limestone which is referr ed to above as being low down in 
the order of formation, and which is well exposed near the steam 
mill, with its rounded and reddish weathered surface, should be re- 
garded as one of the most important beds which has “heretofore es- 
caped attention. It is traced down the river for a short distance, 
when it sinks out of view, but probably again makes its appearance 
in the vicinity of or below Hughes’s creek. Masses of it are seen in 
the bed of the creek, evidently derived from a stratum near at hand. 
The peculiar appearance of the weathered surface of the rock, will 
always enable the observer to identify it. It is coated with a buff 
brown ferruginous oxide, giving it the aspect of iron ore. Of the 
hydraulic character of this and some of the other limestone bands 
of this region, some account will be given in the sequel. 

The yellow shales which are found immediately below the heavy 
seam of coal and the upper portion of which presents all the char- 
acters of a good fire-clay, is the next remarkable formation in this 
region, not only on account of its value in the construction of fur- 
naces, but also on account of the great number of impressions of 
culmiferous and arundinaceous plants which it contains, many of 
which are enclosed in an oblique direction in the stratum, so as to 
present a less flattened form than when they repose comformably 
in their bed. These shales contain also disseminated, flattened 
and kidney shaped masses of argillaceous iron ore, but not in suffi- 
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cient abundance to render it valuable in an economical point of 
view. 


Black Siliceous Rock, Flint or Hornstone. 


This remarkable deposit which here appears of the thickness of 
seven feet, and at an elevation in the hills above the road at Ryder’s 
creek of 466 feet, may be traced by its debris from near the falls, 
and seen capping the hills in broken masses at the head waters of 
Scrabble creek. It is found up the Gauley river on the NW. side, 
forming the tops of the hills, but cannot be traced in this direction 
above Twenty Mile creek. Thence it proceeds with a general gentle 
dip to the NW., and is found up all the creeks flowing into the 
Kanawha river. At Smither’s, Ryder’s and Hughes’s creek it occu- 
pies a considerable elevation in the hills, being overlaid by a coarse 
sandstone, which, as low down as Keller’s (Kelley’s, Ed.) creek, is 
found to be a conglomerate. It is readily distinguished from all the 
associated strata by the resistance which it furnishes to disintegrat- 
ing agency; and by its always presenting a regular bedding and a 
angular sharp structure. No fossils can be detected in it, but at 
Ryder’s creek the blue shales upon which it reposes are observed to 
contain a few impressions of shells. 

Although throughout, the structure of this rock is remarkably 
uniform, sometimes it assumes the character of a black siliceous 
shale, particularly in its lower portion. And above it is so dense 
and vitreous as to be readily mistaken for true flint, and properly 
entitled to the name of hornstone. 


Hughes's Creek. 


Up this creek about 4 of a mile, and also on the main road, the 
principal seam of coal has been opened at the former point by Mr. 
Boasman, and at the latter by Mr. Childers. At both of these 
places it presents the same characteristic. Blue shales, compact, 
and but little fossil in the roof. Here, however, the included shales 
are thicker than at Stockton’s, and the quantity of coal is in conse- 
quence diminished. The whole seam, including shales, is above 6 
feet thick. The bed of Hughes’s creek contains masses of limestone, 
as before noticed, but no stratum of this rock has yet been found in 
place. At this point, as observed, a synclinal roll has occurred, 
which, about a mile further down the river, has brought up the 
lower seam, which is now mined by Mr. Morris Hansford. 

This seam is about 34 feet thick, is roofed by sandstone at one 
point, and a thin band of bluish shales at another. The coal is 
compact and lustrous, and the overlying shales very fossiliferous. 
Beneath, the shales are yellow, and contain afew impressions. This 
is undoubtedly identical with the lowest seam observed on Smither’s 
creek, which passes out of sight near Stockton’s, and again rises 
near Hughes’s creek. The sandstones above this seam are about 60 
feet thick, and have reposing upon them a thick bed of yellow 
shales. Then follows the main seam of coal which has been only 
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partially opened, but sufficiently to identify it with the Stockton 
seam. 

Above these seams two others have been observed, before reach- 
ing the black flint, which here attains an elevation of at least 400 
feet, and still preserves its thickness of 7 feet. It is here, as at 
Ryder’s creek, overlaid by coarse grey micaceous sandstone. 

The lower or 4 foot seam, as it is called, is opened in no less than 
9 different points nearly opposite the mouth of Keller’s (Kelley’s) 
creek, by the Messrs. Hansford. The direction in the line of dip is 
admirably marked out by the heavy bed of sandstone which overlies 
it, for here, as above, this seam has but a very thin roofing of shales. 
The continuity of the seam in this neighbourhood is interrupted by 
an abrupt roll attended with a slight dislocation, causing the sand- 
stone to pitch suddenly down to the NW. at an angle of 5°, and 
cutting out the coal for the distance of more than 4 of a mile above. 
Where this occurs, the seam is very much twisted, and portions of 
it included between the laminz of the sandstone. 


Keller’s (Kelley’s) Creek. 


The same seam of coal which has been opened by Mr. Hansford 
on the opposite side of the river, appears here lower down on ac- 
count of the dip, and is worked at two points by Mr. Fry. Here 
the shales over the coal are somewhat thicker, but much less 
impressed with fossil plants. Although the tails of the seams 
above this are to be seen by careful inspection, yet no opening has 
been made of any of them. It will be borne in mind that this seam 
and all the strata dip to the NW., i. e., down the river, and that as 
you proceed in that direction, all traces of them are soon lost, so 
that none but the higher, and here much: thinner, seams are ob- 
served, one of which, the 4th, has been partially opened for domestic 
purposes. As you approach within a short distance of Witcher’s 
creek, you observe a change to have occurred in the dip. This, 
though not discernible on the hill sides near the road, owing to the 
confusion of structure resulting from extensive slides, is readily re- 
marked some distance back from the river, presenting a gentle roll 
which brings the 8d seam of coal into view a little above the road 
about half a mile east of the creek. This seam has been partially 
opened by colonel Joel Shrewsbury, dipping at an angle of about 
14° to SE. It is about 3 feet in thickness, has resting upon it heavy 
beds of argillaceous shales, crowded with vegetable impressions. The 
shale is of a light grey drab colour, while the impressions are of a 
_ distinct brown. The tail of the next seam under this is noticed near 
the surface of the road a little below Witcher’s creek, and it and 
the overlying seams dipping to the SE. make their appearance at 
different elevations in the hill side. This southeasterly dip contin- 
ues to the vicinity of the Burning spring, where, as already de- 
scribed, the northwestern inclination is restored. 

For a distance of several miles above and below Witcher’s creek, 
the number of coal seams indicated by the outcrops on the hills is 
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such as to prove a subdivision of the two or perhaps three lower 
seams by the interposition of thick bands of slate. Among the illus- 
trations of the changeable character of the seams in this neighbour- 
hood may be mentioned the almost entire replacement of the 2d 
seam by black argillaceous shales and the gradual reappearance of 
the coal, at first in thin wafery bands, afterwards expanding to a 
thickness of 3 feet, where opened for the use of Mr. J. Shrewsbury’s 
furnace at the upper salt works. The important seam, hereafter to 
be described, as extensively exposed and wrought in the vicinity of 
Campbell’s creek, much lower down the river, being actually ob- 
served to be divided as we trace it eastwards into two smaller 
bands by the interposition of a continually expanding bed of slate, 
would appear in the region now under consideration to be repre- 
sented by at least two coal seams, which, followed still farther up 
the river, again gradually coalesce, forming at length the massive 
stratum already spoken of as Stockton’s seam. 

Of the precise nature of these interesting changes, and the num- 
ber, position and character of the seams throughout this part of the 
valley, the accurate tracings and measurements of another season 
will, I trust, enable me to-present a full and satisfactory account. 
The knowledge now acquired as to the Jess complex features of the 
adjoining districts, both above and below, while aiding the illustra- 
tion of these curious peculiarities, will furnish essential assistance in 
the explorations yet to be made in the tracts remote from the river 
on either side, in some parts of which, especially on the Elk, a simi- 
lar multiplication of coal seams has been found to occur. 


Vineyard Hill included between George's and Campbell’s Creek. 


This hill extends in the direction of the river nearly north and 
south at this point, with but one interruption, where it is cut down 
by @ narrow ravine called the Thoroughfare Hollow, leading to the 
ereek which flows parallel with the river behind the lowest portion 
of the hill thus cut off. Above, between the Hollow and George’s 
creek, it attains its greatest altitude, and when covered as it is now 
with herbage, appears to rise with a uniform but rapid slope to its 
summit. When, however, the trees are denuded of their foliage, it 
presents the peculiar aspect which belongs to all the hills bordering 
the Kanawha from near the falls to the vicinity of Charleston, viz: 
a terraced or bench-like structure, generally found to indicate the 
position of the coal seams. Three such terraces are well marked on 
the side of Vineyard hill, and each of them presents us with a seam 
of coal and the accompanying shales, 


Section of Vineyard Hill in the ascending order. 


From the bed of the river to the bottom of the lowest coal seam 
is 54 feet. The four or five feet of the lowest portion of this height 
is made up of gravel and water worn pebbles of many of the older 
rocks which have been transported from the east. Among these are 
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occasionally found not only the rocks of the Appalachian region, but 
also the chloritic, epidotic and granitic rocks of the Blue Ridge. 
Resting upon this, particularly in the vicinity of the salines, is a bed 
of yellow argillaceous and sandy clay used in the manufacture of 
brick, and reputed to be of good quality, and upon this reposes the 
vegetable mould which gives to the Kanawha bottoms their well 
known fertility. This, including the substratum clay, is from 20 to 
25 feet thick. 

Above this, and forming the immediate base of the hill, is a grey 
micaceous sandstone, composed of alternating layers of hard, com- 
pact and soft fissile rock. 

No. 2. Bituminous Coal—the thickest and most important seam in 
the whole series. At Campbell’s and George’s creek this seam varies 
in thickness from 5 to 64 feet. Immediately at the river, and a short 
distance up these creeks, it yields 6 feet of coal, including one band 
of black bituminous shale. It has been opened at several points by . 
Mr. Lewis Ruffner, and in one place by Mr. William Shrewsbury— 
the seam in the latter instance being reached below the level of the 
road. Below Campbell’s creek it sinks out of view, and the west- 
erly dip of the strata continuing, it is not again brought up to the 
surface. It may be traced along George’s and Campbell’s creeks 
for several miles above their mouths, and is also well developed on 
the south side of the river, where it is worked by Messrs. Reynolds 
& Donally, and Noyes, Rand & Co. 

The narrow seam of slate traversing it at Campbell’s creek is 
seen to increase in thickness as it extends up the river, against the 
dip, so as to become as much as 8 or 10 inches at George’s creek, 
—and continuing still to expand, it ultimately divides the seam so 
as to render it necessary to work the upper portions as independent 
seams. 

The coal rests upon a slaty argillaceous sandstone, crowded with 
the broken fragments of coal plants strewed promiscuously through 
the mass, and for the most part lying in an inclined position. This 
stratum which is included in the measurement of that lying next be- 
neath, varies at the place of the present section from 2 to 3 feet in 
thickness. The upper portion of the stratum has the character of a 
fire-clay. 

No. 3. This stratum, which is about 40 feet in thickness, reposes 
upon the coal, and is composed for the most part of a bluish drab 
coloured slaty shale, including an occasional layer of slaty sandstone. 
Where it is immediately in contact with the coal it is blue and highly 
bituminous. The slate resting directly upon the coal, includes a thin 
seam of nodular iron ore in flattened ovoid masses, and presenting 
the concentric structure frequently observed to belong to this variety 
of ore. This is the heaviest bed of slate which occurs along the 
whole line of the Kanawha as far down as Charleston. The stra- 
tum of iron ore assumes in some places above this coal seam the 
appearance of a ferruginous conglomerate. This is particularly no- 
ticed to be the case on Campbell’s creek behind the Thoroughfare 
hill. Indeed the whole of the shale at this point presents more of a 
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ferruginous character than usual. A thin stratum of compact ore is 
found a few feet above the coal, and a similar ore below it in the 
bed of the creek. 

Madreporite.—This curious fossil is included in the shale in large 
spheroidal masses, resembling the nodules or septaria of formation 
VIII. These masses are highly calcareous, constituting in fact a 
tolerably pure limestone, and generally found within a width of 
about 10 feet of the slate. 

Although this section refers particuiarly to the stratification in 
the Campbell’s creek series, it may be well to state here that a simi- 
lar Madreporite deposite is noticed a few feet above the coal seam 
worked by Mr. Harvey 21 or 22 miles above, and again on Bell’s 
creek, It should also be remarked that the shales which include it 
at these points contain disseminated masses of lenticular iron ore. 
Besides its interest in a purely geological point of view, this singular 
fossil is important as furnishing the means of determining the con- 
tinuity of one of the most important coal seams in the series, viz: 
that at Stockton’s steam mill and at Campbell’s creek. 

No. 4. Bituminous Coal—thin seam, not exceeding 20 inches, 
reposing immediately upon the shale above described, and found 
to be remarkably uniform in its occurrence. This seam has not 
been worked. 

No. 5. Argillaceous Sandstone—Slightly micaceous, light grey, 
sometimes bluish, disposed in regular laminew, in thickness from a 
few inches toseveral feet, which in some places include thin bands 
of slaty sandstone. This rock is extensively quarried for the con- 
struction of salt furnaces. It abounds throughout with fossil plants. 
Thickness 200 feet. 

No. 6. Bituminous Coal.—This seam which will average about 
34 feet in thickness, is not opened immediately at this point, but is 
used extensively lower down the river by the salt-makers, where it 
is found pretty high up in the hills. Openings have been made in it 
by Messrs. Bream, Friend, Brooks and others on the north side of 
the river, and by Messrs. Patrick, Donelly, &c. on the south side. It 
is distinguished from all the others of the series by the prevailing 
character of the roof, which is a coarse grained brown and grey 
sandstone, sometimes disposed in pretty heavy beds, and sometimes 
slaty in its structure. This sandstone is about 215 feet in thickness, 
containing in some places, as in Mr. Brooks’s drift, irregular nodu- 
lar masses of compact argillaceous iron ore. This seam is rarely 
exposed in a distinct manner on the hills immediately facing the 
river, but in the ravines making up from the river, as for example, 
Bowman’s hollow, is finely displayed. 

The coal of this seam is not so black and lustrous as the Camp- 
bell’s creek seam—it is more slaty, and the upper portion contains 
thin lamin of iron pyrites. It is, however, extensively mined from 
some distance on the river in the vicinity of Bowman’s hollow. 
Like the other seams in this region, it reposes upon a dark coloured 
carbonaceous shale or slate, with oblique vegetable impressions. 
Great diversity is observed in the quality of this seam of coal at the 
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different openings, even within short distances. Its thickness is 
also quite fluctuating. At some points, for example, in Bowman’s 
hollow, 40 inches of good coal are obtained, while in the openings at 
Bridge hollow, lower down on the river, the seam is so reduced that 
not more than 28 inches can be procured. 

No. 7. Siliceous Sandstone—generally coarse grained, but includ- 
ing a few bands of a finer texture. This rock, as before stated, 
reposes immediately upon a seain of coal generally without any in- 
termediate slate. It occurs in beds varying in thickness from one 
to four feet, is less impressed by organic remains than the sandstone 
lower down in the series, and assuming the character of cliffs as 
you descend the river in a N W. direction, becomes lower and lower 
in the hills until it ultimately sinks below the bed of the river near 
to Charleston. Thickness 215 feet. 

No. 8. Bituminous Coal.—This stratum of coal, which is the high- 
est in this part of the series, has not been opened in Vineyard Hill 
or at any point above Mr. Daniel Ruffner’s on the north side of the 
river, and Faurer’s salt furnace on the south side. It is, however, 
always seen resting upon the last described sandstone, with a thin 
bed of intervening shales. It is generally easily found by tracing 
the overlying flint rock, beneath which it invariably occurs. This 
seam will average about four feet in thickness. The coal is rather 
inferior to that of the lower seam, being of a harder and more 
slaty structure, though presenting various degrees of purity at differ- 
ent localities. At Mr. Daniel Ruffner’s a thin band of siliceous, 
slaty sandstone intervenes between the coal and flint rocks, but 
lower down this thins out and the roof is composed entirely of the 
flint, and so continues until its final disappearance under the bed of 
the river below Charleston. 

No. 9. Siliceous Rock, Blue or Black Flint.—This singular de- 
posit, which has already been described, comes next in order. On 
account of its definite character, it proves to be a valuable guide in 
tracing the accompanying formations, amid very considerable local 
undulations, enabling us to determine their true position and their 
dip. In the place of the section it is seen of its average thickness, 
a little exceeding 7 feet. The upper portions are nearly black, 
compact and vitreous in texture, and are properly deserving of the 
title of Hornstone. The lower are more slaty, and of a blue colour. 
This deposit, while it preserves throughout its siliceous character, 
as it extends in the direction of the dip, becomes more slaty in its 
structure, until in fact it passes into a true siliceous slate, reposing 
immediately upon the last mentioned coal seam. This is the form 
under which it appears at Mr. Faurer’s coal bank a short dis- 
tance above Charleston. The siliceous shales or slates immediately 
resting on the coal, gradually pass into a more compact slate, and 
finally into siliceous rock. The stratum is here about 7 feet in 
thickness, As seen in the section, this formation is covered with 
a thin band of impure iron ore, in kidney shaped masses, em- 
bedded in sandstone—the whole thickness not exceeding 4 inches. 
Further down the river the iron disappears, giving place to fer- 
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ruginous shales and sandstones, which immediately overlie the 
siliceous rocks. 

No. 10. Resting on the above, there next occurs a heavy bed of 
yellow coarse siliceous sandstone, argillaceous in some bands, and 
quite prone to disintegration. This is surmounted by a more sili- 
ceous band of the same rock, occasionally quite cellular, and includ- 
ing fossil impressions of shells, Encrini, &c. This band contains a 
notable portion of lime. Thickness 140 feet. 

No. 11. The section of Vineyard Hillis terminated by a thin cap- 
ping of about 10 feet of reddish and yellow shales, the lower por- 
tion of which contains disintegrated masses of argillaceous iron. 
This may be regarded as the commencement of the series of shales, 
which along with shaly sandstones and thin calcareous bands, over- 
spread nearly the whole of the tract lying between Charleston and 
the Ohio at the mouth of the Kanawha, presenting for the greater 
part of that distance a nearly uninterrupted, but very gentle dip 
towards the NW., then becoming horizontal, and finally near the 
Ohio rising with a counter dip and forming the middle portion of 
our great western coal basin. These strata, all higher geologically 
than the flint rock, and containing two or more coal seams where 
penetrated by the Ohio, constitute in this region what was formerly 
described as the upper coal series. 


SECTION VII. 
OPERATIONS OF THE SURVEY IN THE NORTHWESTERN DISTRICT. 


Our investigations in the extensive and highly interesting por- 
tions of the state referred to under this head, were for the most part 
of a preliminary nature, being chiefly directed to the determination 
of certain: general features of their geology which might serve as 
useful guides in conducting our future explorations. 

Referring to the sketch formerly given of the outlines of the great 
coal region, it will be remembered that the boundary of this tract 
towards the north is marked by a broad and gently inflected curve, 
crossing from Ohio into Pennsylvania, some distance north of the 
most northern part of Virginia in Brooke county; and that as it ex- 
tends eastwards, this line gradually sweeps around so as at length to 
assume a southwesterly direction along the western slope of the range 
of highlands known in Pennsylvania as Chestnut ridge, and in Vir- 
ginia as Laurel Hill. From the general description included in the 
sketch referred to, it will at once be seen that the lower coal series 
must occupy that portion of the basin lying adjacent to this margin, 
while the upper will be found overspreading a zone more towards the 
middle of the trough; and that the dip of the strata, unless where 
‘modified by merely local causes, will conform to that of the corre- 
sponding parts of the margin, being southerly towards the northern, 
and westerly towards the eastern limits of the basin. 

Setting out with this general view of the structure of the basin, 
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our first object, and that to which attention was chiefly directed 
during the past season, was the tracing of the two great groups of 
strata, the lower and upper coal series from the Ohio around to the 
Monongahela, and in a southwesterly direction parallel to the course 
of Laurel Hill, and in marking the limits of these groups by sections 
from the Ohio to the outcrop of the lowest strata of the coal meas- 
ures some distance to the east of Morgantown and Olarksburg. 

By these examinations the general outlines of the tracts occupied 
by each of the two great groups, and the important changes occur- 
ring in their component strata as they are prolonged towards the 
south, were in a general way ascertained, at the same time that 
numerous observations of a more detailed nature, accompanied by 
measured sections, were made at several important localities. 

In the present stage of our enquiries regarding this region, it 
would obviously be premature to attempt giving any details relating 
to its geological features. Its general outline and structure have 
been described in sketching those of the entire basin, under a pre- 
ceding head. Of the high economical importance of large portions 
of this area the fullest evidence has already been attained, nor can 
it be doubted that the systematic explorations to be resumed at the 
commencement of the coming season, will contribute in an important 
measure to the knowledge and practical development of its ample 
resources. 

Of the composition of several of the iron ores, coals and limestones 
of this district, some details will be found in the concluding section 
of the report, to which I now proceed. 


SECTION VIII. 


CHEMICAL DETAILS. 


The following details relating to the chemical composition of 
some of the more valuable materials appertaining to the various dis- 
tricts referred to in the present report, will be introduced in the 
order in which the geological descriptions have been presented, be- 
ginning with the tertiary marl and closing with the coal, iron ores, 
and limestones of the great western coal field. After what has al- 
ready been remarked, it is needless to say that they constitute but a © 
part of the whole body of chemical results hereafter to be given to 
the public in systematic shape, and are presented now chiefly as 
illustrations of the preceding sections of this report. 


CHAPTER 1. 


Miocene Marls of the District South of the James river. 


In drawing up the following tabular view of the amount of car- 
bonate of lime contained in the marls of this portion of the state, it 
will be seen that I have included a number of results published in 
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former reports, as well as such as have been obtained by more recent 
examinations. Such a comprehensive table, including nearly all the 
important localities south of the James river, will, it is thought, 
serve a useful purpose by bringing into one view almost every va- 
riety of marl met with in the district, and seems to be rendered par- 
ticularly desirable by the fact, that from the inconvenient form and 
small edition of preceding reports, but few of those who feel inter- 
ested in such results, have ever possessed or now retain copies of the 
publications in which they were made known. 


Localities, Observations. Carb, Lime, 
Iste or Wicur. 
MeA By Tiny's, ici pss ase .. Perfect shells and fragments, sometimes 
cemented, green sand a trace,.......... (6.2 
ptt sebbigsl vieks.sfose>is Ferruginous rock marl, semi-crystalline, 
MEP GBUCOANTACG ois ev cee os cc ancces 77.2 
Mr. Saunders’s,. ........ (2d stratum)—yellow, small friable frag- 
meuts of shell, considerable green sand, 48.8 
ais ee ge 5 (3d stratum) Citta ers sta, eae 60.2 
CRD AS Mindd te Secreto ss « 2 Gittoy. .\J etter 42.0 
OBIE VOCUS... oss sss Light, shells entirely decomposed, nodu- 
Mreerecen BASIC 4 {FACE, . ose i. ose atentss 54.5 
Day’s Point, ...... SP Blue, friable, micaceous and sandy, ..... 7.9 
ES ae Shells and fragments in a light tenacious 


clay, frequently rich in indurated casts 
of the chama, green sand a trace, some- 


times a fragmentary conglomerate,..... 71.5 
do. Bae st lt. 4 GEO ac tb ec ec 62.5 
do. Seite eis sia? fone omerate,h Citto sc. vials ake-cc vain 81.8 
Bs LOLA oe. BAERS GD a FE oie taretararch anrardinle ee 63.6 
Mee Whi siiges. 2s A conglomerate of perfect shells and frag- 
ments, ferruginous and semi-crystalline, 
very compact, ...... OF 46 FPO Be 91.3 
Mr. §. P. Jordan’s,...... Very comminuted fragments of shell in a 
ferruginous sand, green sand a trace,... 53.4 
Gee POR esse. DLO pre stererinkercrarstd 4.4.5.8 79.5 
Merit, Tode’aiisy..s.'.... Light, rather tenacious, shells decomposed, 
GPTOODs SANG. AitTACE, oc nc cece ncvecess 28.4 
do. Se A conglomerate of small shells and frag- 
ments, intermixed with a ferruginous 
sand, tinged with green sand,......... 42.0 
SE Os ee Blue, arenaceous, very friable, containing 
afew small cythérens,......cccccesccss 79.5 
GGT hve Saas Wisin... A coarse shelly conglomerate, yellow, oc- 
casionally a cast of the chama,......... 78.4 
Bir. BOOUrs, Fi5..-.5.- Of a very light yellow colour, containing 
small fragments, frequently cemented,.. 64.7 
Oe 4 es Shells decomposed, concretionary, ....... 71.5 
John Y. Mason’s,........ Macra modicella in a yellow sand, with a 
few other shells and fragments, green 
MATA WUTANG, RIOT . owe weedescsleoecs 85.2 
NaNsEMOND. 
TE GING cee een ane Ferruginous, consisting of small shells and 
TROTIONI ee en Shs gable + pw csioh t+ tine 67.5 
2 miles above town Point, a Riek Mable cp thidagesnst his ated 52.3 
Mr. Keeling’s,........... Small shells and fragments in a light sand, 
also fragments of the pecten, sometimes 
conglomerated, ....-++.ssseeeeerereree 75.0 
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Localities. Observations. Carb. Lime. 
Mryaeeling’ s,s 00 More ferruginous, containing fewer shells. 30.6 
Below Dumpling Island,. A conglomerate of fragments, quite com- : 

PACH, « «0:0 0 oiwis wild 6 Male KinteEN EIR ate Beit e 85.2 
do. aa inely comminuted shelly matter, deeply 
tinged ‘with! iron, . ues meee wees te 71.5 
Rit, -Cowper’syons «ce aes Ferruginous, consisting chiefly of fine frag- 
. moenta,.. 0:1 eet BUA DRE ae, EVE 72.7 
Near Suffolk,..... ewe a ditto, ditto, green 
sand, & t1dCC ven ey mache abate aeaeee 17.0 
Upper shore of Nansemond 
river (near the mouth),. Small fragments of shell, with perfect 
shells intermixed, ferruginous,......... 82.9 
Point above Sleepy Hole 
ey ee ol ypc de a eg Principally chamas and crepidulas, inter- 
mixed with yellow sand, .............. 43.2 
Neat Bumorks? ses. os eek Blue, containing finely divided shelly mat- : 
ter, : 2. SST Pee eas che «esau anes 22. 
of 1 shore (near Sleepy 
I i sg a RE Ae MR Blue, containing fine and coarse fragments 
of small Bigham, Poros se sethe et an oneal 30.6 
COL Oriel 8,35 fares a Small fragments of shell, ferruginous,.... 62.5 
AG ORR eee ee ithe, 4" intros cece eee Re 76.2 
Maj. Crocker’s,........%. Ct )* 2) to he ee eceeses 64.7 
COM sg ee aee a dishes. ssc20e2 ceces wee 28.0 
Wa, Goodwin's "loa. Jt dle tease tase San ys 53.4 
Me. Dulipe A.) eee ees. be dittey? ° "eases canes 80.6 
Near Chucatuck mill, .... dittos? =“ spas Oe at « 82.9 
Surry. 
Mes auleon’s, 02s. 0000 Yellow, consisting of decomposed shells 
and fragments, occasionally slightly ce- 
menteds.j..aseaae 2 0 ob ss reibye eee meaneice 64.5 
8 or 4 miles above Four 
Mile trees tiadk is stew Fragments of shell in a white sand, slight- 
ly intermixed with green sand,........ 47 .2 
GW ue rbot ebeace> kre A yellow conglomerate of shells and casts, 78.4 
Near Four Mile tree, ..... Fragments of shells and undecomposed 
: shells, }.-4:+:- sna ty «0 ange 88.6 
Mr. Organ’s—Clermont,.. Yellowish white, fine and friable, occasion- 
ally concretionary, .«+5,s4sa ahaa 71.5 
Wakefield, .....:0. aque sue Light, shells generally decomposed, a few 
fragments in a white sand, green sand a 
TTACE, 551k s’> So o's Ae 00 Oe eg ame) | 
0, 0s pile ities Blueish, shells very much de¢omposed,.. 75.0 
MPNUIGR Boo 5.5 0.0. sialeic'cl ehals White indurated casts of chamas,........ 87.5 
Clermont (river shore),... Blue, largely intermixed with green sand, 
shells finely decomposed, ...........-. 10.2 
Upper Chipoke creek,.... A  caleareo-siliceous conglomerate, very 
compact, containing fragments of pectens _ 
and casts of pernas,...scees satuieen en eae 
PO MRRR ty ie rine i pia n,0./015,8.070 Small fragments of shell in sand, a good 
many chamas, quite richly specked with 
green sand, .......5..5se0sann en 42.0 
lo. bee ditto,..s. ceegesdeeae sean 33.0 
River shore (above the Consisting of fragments of the chama ina 
mouth of Collége creek); °-- light sand, ’..\...... .tess=ms aeeeeteam 44.3 
AsO. JOUCH Biss tasiaha ese Shells and fragments in a light sand, inter- 
mixed with green sand,...... oedined wat BOeee 
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Localities. Observations. Carb. Lime, 
Booth’s mill; Terrapin 
CPaGiy ee tes = eee ctu Yellow marl, mactra mod. almost exclu- 
sively, sandy clay, with a little green 
Bae eee 32.7 
Joseph Pretlow; Terrapin 
ps ry ap atn  e _ooSeete Yellowish grey marl, mactra mod., sili- 
r ceous sand, with a little green sand,.... 22.8 
Blackwater, near Wall’s 
Weitere then 2s ees 3 Mactra mod. in a yellow sandy clay, con- 
siderable green sand, ........0..s0cces 387.0 
SouTHAMPTON. 


Nottoway swamp, one mile 
from mouth, Massen- 
Oe 3 .-- Bluish grey marl, shells, chiefly venus, 
much decomposed, in a siliceous clay, 
with much green sand,............ee0. 48.8 
Six miles SE. of Jerusa- 
lem, Mr. Massenburg’s, Yellow fragmentary marl, with small 
shells often entire, but water-worn, 
chiefly mactra mod., plicatula, marginel- 
CME ks cc 0s CNR Gd dddaw voente 85.4 


TEVOE) 2 ci fen Be Euciae .... Bluish grey marl, containing chama, as- 

tarte, venericardia and tragments of 

pecten, in a siliceous clay, with green 

GARG Sia tml 3 ( Oe Suetisaee Hatt BE58 

Blackwater river, one and 
a half miles north of Lea- 

cock, Mr. Hering,...... Yellow marl, shells in great variety, chiefly 

: mactra mod., turritella, ostrea, chama, 

crassatella, in a sandy clay, with consid- 


GEO GTCCTY RANG. 0.00. ce diiecwn cise ves 30.0 
Nottoway river, above 
OMIM iiss...» “Se Blue marl, shells, mactra mod., ostrea, 
turritella, ete., in a sandy clay, with a 
good deal of green sand,............... 35.2 
Same locality, ........... OW s% saute crenesnaai rs 20.0 
Blackwater river, above 
mouth of Black creek, 
Mr. Lawrence,......... Light brownish grey, shells, mactra mod. 
almost entirely in an adhesive clay, with 
MME TORN BANC So. dadcie aie oes omens « 29.0 
MMMIOCOAILY,, 5 .52000000. UECO) 6 Sa nndisiahlinie Oudiend Raat ae x 20.0 
Two miles NW. of Frank- 
lin, Dr. Bowers, ...... - Mottled brown and grey, shells, ostreas in 
a soft decomposing state in a siliceous 
clay, with a little green sand,.......... 40.5 
Br. of Terrapin Swamp, 
MRP ROUIOW, ss .i--2- 00s Blue marl, shells entire, and almost exclu- 
BIVENY KOU TOC, in cca apsancsaesress 18.2 
Blackwater river, above 
the mouth of Black 
creek, Mrs. Ely, ....... Grey marl, mactra mod. in clay, with a 
considerable amount of green sand,.... 20.5 
Nicholson’s mill,......... Mactra mod. in a yellow sandy clay, sandy 
residuum, with a trace of green sand,.. 22.6 
Major Ridley’s,.......... Dingy yellow, tenacious, shells entirely 


decomposed, sandy residuum, green 
BANG BTFACO{ is... cee cee ee eenacees 29.0 


Localities. 
Major Ridley’s........... 


eee eee eer eens 


do. 


Blackwater, nearly oppo- 
site mouth of Burke’s 
run, Mr. Bowden,...... 


Mr. Bowden, on a run 
making into the river,.. 


Above Broadwater bridge, 
Mr. Urquhart,:...22... 
Benj. Drew, near the Sus- 


SOX TING ja ecg = aeons 


Two miles NW. of Frank- 
lin, Dr. Bowers, 


Nortu CAROLINA. 


Mr. Wood’s, a little west 
of the Meherrin. river 


SussEx. 
Col. Blow’s,....... patray 


Wm. H. Pegram,. 


William H. Pegram, Chin- 
aap PLOW, ) <eiasatae ee 
0. 


oeeeeeeeene 


eoeeeee 
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Observations. Card. 


Indurated nodular marl, shells decom- 
posed, sandy residuum, green sand a 


ee ee ee eee ee eee eres eres eeseoeeeeee 


eee tere eee ee eres eeeeeeeeee 


Bluish green marl, shells in considerable 
variety, iy mactra mod. with turri- 
tella, natica, &c., much green sand,.... 


Yellow marl, shells, mactra mod. exclu- 


sively, green sand, ..... eee aes 
Light grey marl, somewhat ed shells 
much decomposed, consisting chiefly of 


MactTA' MOGSAIGE. «.0ubse céauan eee em 


Yellow sandy marl, shells much decom- 
posed, consisting chiefly of mactra mod., 


The following two specimens, though from 
localities a little beyond the limits of the 
state, are included in the table, by way 
of shewing the extension of the ‘plue and 
yellow marls into Carolina. 


Yellow marl, shells, mactra mod., lucina 
&c., in a mixture of yellowish sand an 
clay, a trace of green sand,........... . 

Blue marl, shells chiefly mactra mod. in 
bluish clay, a good deal of green sand,.. 


Upper stratum, mactra mod. in yellow 
sandy clay, green sand a trace, residuum 
ferruginous sand, ’.... :ssaee eee 

From the calcareous portion of the grey 
marl, dingy white, indurated, cones 
ble green sand,....... acess: Sanne 

From the middle of the grey marl, no 
shells, occasional fragments, a mixture 
of white and green calcareous sand,.... 

Mactra mod. in blue tenaceous sandy clay, 
residuum sandy, .. «ss. sass ae 


Sandy residuum, green sand a trace,..... ‘ 
Mactra mod. in yellow tenaceous clay, con- 
siderable green sand, residuum sandy,,.. 


Lime. 


51.3 
88.4 
61.4 
26.1 


79.0 


81.3 


27.3 


46.1 


16.0 


45.4 
50.7 


36.3 
63.6 


81.8 | 
28.1 
35.2 
83.0 


" 
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Localities. Observations. Carb, Lime, 
Cob Gee, SA .3e.tias .... Dingy yellow, comminuted fragments of 
shells in a clayey sand, green sand a 
EE Sct ela tens Dac 0 she-siv.c 0 sles nels Ra F 0 42.9 
Henry Birdsong,........ . Mactra mod. in a blue tenacious clay, 
sandy residuum, green sand a trace,.... 389.5 
db EATULA JAR: Mactra mod. in yellow tenaceous clay, 
L sandy residuum, considerablegreensand, 82.7 
Maj. Pacham’s mill,...... Mactra mod. chielly, in a blue clay, alumi- 
nous residuum, a trace of green sand,.. 389.0 
MBBS, oo ves we ee cs ce Compact and indurated, light grey, con- 
taining casts of shells, residuum chiefly 
RATE ABATED Fan S07. ow dX « 50.0, 'b oe, pep Deine eh £927 
BO etal faa clin. .... Great variety of perfect shells in a blue 
sand; sandy residuum, considerable 
NS a ote ah Seer i 30.3 
Mactra mod. in blue sandy clay. A trace ; 
CT ee er pe eee 31.3 
ieee Gee... 0... 0 -s Indurated lump marl; bluish grey, con- 
taining casts and impressions of shells 
anda trace of green sand,.............. 70.4 
Oe Balt as wiviciises ain Comminuted fragments of shells in blue 
sandy clay with perfect shells; a trace 
MIE ODN gach pon ing «os sine e ie cage 50.4 
Harrison’s mill,.......... Average character of upper marl, bluish 
white shells generally decomposed,.... 57.9 
BAe Ad iii ha «woes ee Lower portion of the bed, compact indu- 
rated lumps with casts and impressions 
Hn pe eanley ellen, page are papell autho ye 59.0 
Prince GEORGE. 
Coggin’s Point,.......... Small shells and fragments in a yellow 
sand, green sand a trace,...........6. 28.4 
Mr. Prentice’s,..:........ A great variety of shells in sand,........ 53.6 
PEVOTETOOR LS} 6. oe es vce Fragments of shells in a light sand,...... 32.9 
aie a ea «+ o.>,0 0 . GittOsry A be wate 19.4 
OO tone Indurated lump marl, dingy colour, con- 
taining casts and impressions of shells 
and small fragments, none perfect,..... 61.3 
Ch ee Deep yellow, perfect shells contained in 
very comminuted fragments, sandy re- 
siduum with a trace of green sand,..... 20.9 
To ESS Lower portion of the marl], a conglomerate 


of small bivalve shells, chiefly chama 

congregata—considerable green sand,.. 63.6 
BUT esc oc. te sss se Upper portion consisting wholly of mactra 

mod. in a blue clay, green sand a trace,. 25.0 


GREENSVILLE. 
MEUNOOVE Baie cece ccc ceee Large shells and fragments in blue sand, 
a large number of the genus bolanus, 
PTOON: BANG A ATACOsedstee 247.2 wen bien > soe 28.6 
CHAPTER 2. 


Limestones associated with the Micaceous and Talcose Rocks of the 
Southern District. 
Under a former head, mention has been made of the highly mag- 


nesian character of some of the limestones here referred to. The 
details which follow will serve to shew the variable composition of 
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these rocks as procured from different localities, and at the same 
time will fully sustain what was formerly asserted of the value of 
the lime which some of these beds are capable of furnishing. Of 
the hydraulic character of certain varieties, some notice is taken be- 
low, and additional and more prolonged trials remain yet to be per- 
formed. Until these are completed, no confident affirmation can be 
made of the great excellence of any of these limes as water cements, 
though with regard to several of them, the capacity of slowly setting 
under water has been fully ascertained by the experiments in which 
I am now engaged. 

1. Limestone from Mr. Wright’s, east of Beaver creek, Campbell 
county. Colour light grey, with dark stripes, micaceous; texture 
compact, crystalline; fracture splintery. In the 25 grains this con- 
sists of, (R. E. R.) 


Carbonate of limoeyi,. oh ee eee ee 16.89 
Carbonate of magnesia,.......-..-+e+0+:: 6.32 
Alumina and oxide of iron,........ nicer 1.00 
Dili¢a, vi. Oo. eat. Pn ee 0.67 
Water, 20 2202. S23 See eee 0.12 - 


2. Limestone from Arthur’s quarry on Back creek, NW. of Lees- 
ville, Campbell county. Colour light blue, with grey stripes; tex- 
ture rather compact; fracture rather splintery; structure slaty ; 
crystalline. 


Oarbonate of lime, ) 77 2.. 2. ee 23.19 
Carbonate of magnesia, ...-.. sss eee 0.61 
Alumina and oxide of iron,.............. 0.14 
DC ere rer err 0.96 
Wateryicsc.4 0) 0.) . Ca 0.10 


3. Limestone from Elk creek, Nelson county, used as flux at the 
furnace in the vicinity. Colour bluish grey, micaceous; texture 
rather compact; crystalline. 


Carbonate of limé,.”. 4... wets se ee 20.87 
Carbonate of magnesia,.. .«. ss. ss sssuenes 0.72 
Aiumina and oxide of iron,.............. 0.38 
Sihioayads lod; 2, Ue Se 2.88 
WMLET, Pps eee ce eet te tee 0.15 


4, Limestone from Captain Perrow’s, Beaver creek, Campbell 
county. Colour pure white; texture compact, crystalline; grain 
rather fine; fracture conchoidal. 


Oarbonate of limes? S, V9 A. 13.94 
Carbonate of magnesia... “...). oe 10.18 
Alumina and oxide of iron,.......c0nemaNe 0.39 
HIG ei. wes ere te SO Ae 0.38 
Water nS I Soni soso ncrsicc hh ihe «eee nn 0.11 


5. Limestone from James river canal between Elk creek and 
Greenway, Nelson county. Colour white; texture compact; crys- 
talline; fracture conchoidal; contains disseminated small crystals of 
quartz. 
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Se 16.03 
Carbonate of magnesia,.................. 7.58 
Alumina and oxide of iron,....... ...... 0.49 
OS eT eee 0.78 
eee 0.12 


6. Limestone from south side of James river opposite Warmin- 
ster, Buckingham county. Colour pink, mottled with grey; texture 
rather compact; subcrystalline; grain moderately fine; fracture 
conchoidal ; hydraulic. 


Carbonate of mm OLS SOF) oa ons 11.17 
Carbonate of magnesia,................. 8.50 
Alumina and oxide of iron,.............. 1.04 
NT re 4,12 
PUREE IL tte s ee ele 0.17 


7. Limestone from Pounding Mill creek, near New Market, Nel- 
son county; colour light pink; “texture compact ; grain moderately 
fine; fracture sharp, scaly. 


DIMEN TUING 2.5. oe cs ee te eee 12.95 
Simpoonnte Of MACNESIA,...........6....2. 10.80 
Alumina and oxide of iron, .............. 0.28 
ay A Er 0.88 
EP as we ee wee 0.09 


9. Limestone from judge Saunders’s, Flat creek, Campbell county. 

Colour blue; structure slaty. In the 100 grains are contained 
PUPUOIMISEOL LUND. oo ww sm wicinis oo. teens 51.3 

10. Limestone from James river below Archer’s creek, Camp- 
bell county. Colour grey; subcrystalline with small rhombs of 
calc. spar. 

SS 8 2 Yen 79.5 

11. Limestone from one half mile N W. of Dyer’s inill, Albemarle 

county. Blue, slaty, alternating with white lamine. 
MTIAER OL AIDC, 6:4. ssa: 6, 36yqid + wr ofeysidlendew ear 77.2 

12. Limestone from Arthur’s quarry, near Leesville, Campbell 

county. Bluish grey, micaceous, containing masses of cale. spar. 
manonate of -lime,.:.. 08902005 Oo bine 80. 

13. Limestone from one mile above New Market, Nelson county, 
quarried for locks on the James river canal. Blue, compact, and 
traversed by veins of flesh coloured carb. lime. 

Perna Gr nie, foes SI9U ee, CU) JNO S) ONO 79.5 

14. Limestone from James river canal, 2 miles below Warminster, 

Nelson county. Blue, slaty, micaceous, with calc. spar. 
TLR SEY PPT USING flere Pe a etna y tans wg nt a 72.7 

15. Limestone from captain Tardy’s, near Otter river, Campbell 
county. JBluish, granular, micaceous. 

Carbonate of Beets ane late ean hy 4% >< one 59. 

16. Limestone from Ro. Irvine’ s, Buffalo creek, Campbell county. 
Light grey, slightly micaceous and suber ystalline. 

Piarbonate Of limes.) o.a:sid wate wend ee ore le pheje lass 87.8 
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17. Limestone from Hancock’s quarry, Limestone run, Albemarle 
county. Blue and slaty. 

Carbonate of lime,....g5) 29. SSR A es 60.5 

18. Limestone from Ross's furnace, Stonewall creek, Campbell 
county. Light bluish grey; granular ; ’suberystalline. 

Carbonate of lime;:t. i alile. Segoe SeOTE oe 88.4 

‘19. Limestone from near Elk creek, Nelson county, quarried for 
locks. Dark blue, slaty, and slightly micaceous. 

Car bonate of lime,.... .s.. eis as eee 65.5 

20. Limestone from Rives’s quarry, near Brooks’s, Franklin coun- 
ty. Blue micaceous lamin, alternating with white subcrystalline 
carb. lime. 

Carbonate of lime,... .cvosee ben eee 10 soho 

21. Limestone from James river canal, between Fishing creek 

and Opossum creek. White slaty, surface talcose. 
Garbonate.of lime, «1: «4 = «fetes Sofas eee 25. 

92. Limestone from Buck Island creek, Albemarle county. Col- 
our dark blue, with white veins of spar; texture rather compact ; 
grain moderately fine. 

Carbonate of lime, ...:. . sss is eaeee 76.4 


CHAPTER 3. 
Limestones of Formation II, 


The annexed details relating chiefly to the highly magnesian va- 
rieties of this formation, while serving to confirm the observations 
made in previous reports, as regards the hydraulic properties of this 
class of limestones, will, it is hoped, prove useful in pointing out a 
number of localities of cement rocks not referred to in former pub- 
lications. ! 

1. Limestone from near the Trap Dyke, 8} miles west of Mount 
Crawford, Rockingham county. Colour light grey; texture rather 
compact; subcrystalline; inclining to granular; fracture rough ; 
hydraulic. In the 25 grains this consists of 


' Carbonate of lime, ...c.....05.0% us ee 13.50 grains. 
Carbonate of magnesia,...........ee6- 10,58,0) * 
Alumina, tinged with oxide of iron,.... 0.38 “ 
BiliC8s 6:54.01 « daa sete lats peataeiele. aan O89 oF 
Water, «0s.» reff citer 4 dope eee ‘ueritel Gaeee 


2. Limestone from the eastern base of Price’s mountain, Bote- 
tourt county. Colour light bluish grey; texture compact; fracture 
slightly conchoidal ; grain moderately fine; highly hydraulic. 


Carbonate of Nimo,* .'s<..-++ =e seen 12.96 
Oarbonate of magnesia, .”..'.... 0. os eee 9.35 
Biicas rst. eo es RO a 2.09 
Alumina and oxide of iron,.............. 0.37 
Wapote rece eas 8255 24355 Sal ee 0.33 


8. Limestone from slaty beds in II., Liberty road, 3 miles north 
of Big Lick, Roanoke county. Colour dark bluish grey ; moderate- 
ly compact ; slightly suberystalline; fine grained ; containing dis- 
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seminated small specks of iron pyrites, and enclosing geodes of sul- 
phate of lime; very hydraulic. 


ee 11.55 
Carbonate of magnesia,...............045 8.54 
Alumina and oxide of iron,.............. 1.00 
Pulphuret OF iron; . 1.600)... 0.28 
See 3.17 
UR PMPISER Peps rates cesses cess eee 0.50 


4. Limestone from Rich valley opposite the Salt works, Wash- 
ington county. Colour bluish white; compact; fine grained ; hy- 
draulic. 


TN ST 12.52 
Carbonate of magnesia,.................. 10.38 
Alumina, tinged with oxide of iron,....... 0.18 
ROTO rsa As Oe le D8 at 1.85 
SS SSE aS ee 0.0 


5. Limestone from locality 14 miles east of Cedar Grove, Rock- 
bridge county. Colour bluish grey; texture compact; grain-mod- 
erately fine; fracture slightly conchoidal; hydraulic. 


Smrponnte Ur AMG 12.53 
Carbonate of magnesia,.................. 8.97 
Alumina and oxide of iron,.............. 0.52 
eo ala ot ro oP ela ee ates OLMIS 2.82 
Water, EGET Ea istos oA Case wR BM 0.16 


6. Limestone from south side of Shenandoah river, 2 miles from 
Blackford’s furnace, Page county. Colour very light brown and 
drab; texture compact; grain fine; fracture rather smooth and 
slightly conchoidal ; hydraulic. 


mmnmonnte Of Lime; Pui SI) LE. Lied wee. 13.01 
Carbonate of magnesia,...............005 10.45 
Alumina with trace of oxide of i Iron JA. Hiatt 0.30 
NN rahe atar ee cee'd add WN aut daly DAT 
Rte Par P TTS Bat hat chur on 08 chao on arab aren ares arsn scans 0.07 


7. Limestone from locality 4 miles south of New Market. Colour 
light bluish grey; texture compact; grain moderately fine; weath- 
ered surface tinged with oxide of iron; hydraulic. 


Maervonave OF HNG, 7.90. 29000) Sue. te 13.50 
Carbonate of magnesia,.................. 10.63 
Alumina and oxide of iron,.............. 0.17 
SMmNRURT se" AN Byes 4 eeack t, sii's Miptoher or SAS DO Caltrats 0.60 
ROME Fe cecesec den WOU. 10.8 ts DUA 20: 0.10 


8. Limestone from lower stratum at Dr. Blackford’s mill race, 
Page county. Colour light blue, inclining to grey; texture com- 
pact; grain moderately fine ; slightly subcrystalline; some portions 
of surface filmed with white cale. spar; very hydraulic. 


marvorae oF hing: 2P FT ISIAV Leu . 13.40 
Carbonate of magnesia, ORT 2 RU Ote 9.78 
Alumina and oxide of iron,.............. 0.19 
BRR si2io th. 2 i, ieee RATE, LS SUQUC 1.47 
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9. Limestone from locality a little south of Abingdon. Colour 
bluish grey; texture compact; grain fine; fracture small con- 
choidal; hydraulic. 


Oarbonate of lime,..... ,., ia40eneeee 19.55 
Carbonate of magnesia,............e00-- 2.54 
Alumina and oxide of iron,..... . eset ste. see 0.28 
DULEOR, sive «60 2a 0's w'a’s 04 & GREE 2.51 
ce) Ar 0.12 


10. Limestone from locality 6 miles NW. of Pattonsburg, on 
road to Orawford’s mountain. Colour dark bluish grey; texture 
compact; fracture rather earthy, and slightly conchoidal; hy- 
draulic. 


Qarbonate of lime,. .... «. .aenieee Ae 11.58 
Carbonate of magnesia, ......)...4.0.0:..- 9.32 
Alumina and trace of oxide of iron, «he 
iC re 3.09 
Water, 2). Jo .\ome edoaeh 0.25 


11. Limestone from bed passing a little west of Waynesboro’, 
Augusta county. Colour light blue; texture compact; grain fine; 
fracture slightly conchoidal : weathered surface, tinged with per- 
oxide of iron; very hydraulic. 


Carbonate of lime, . . ..d:ctitie Aiea ee 12.33 
Garbonate of. magnesia, .,.... 5... sue eee 9.58 
Alumina and oxide of iron,.............. 0.57 
Silicajenic.Jealwee. ve la 2.36 
Water, . TRY. Sulu). . eke oe 0.16 


12. Limestone from Catawba creek, near Stone Coal gap. Col- 
our dark bluish grey; texture compact ; grain moderately fine ; 
fracture rather uneven; very hydraulic. 


Garbonate of lime,....... dseirone ane 11.16 
Carbonate of miagnesia,........ 0c teee ees 9.38 
Alumina and oxide of iron,.............. 0.62 
i i 3.59 
Water, Stdies Sitelekts(ete 36d wd de SSR See 0.25 


13. Limestone from gap of Peter’s mountain, north side of New 
river, 4 miles from Grey Sulphur springs. Colour greenish grey ; 
texture compact; grain rather fine; fracture rather undulating; 


hydraulic. 
OCarbonate.of lime, .......<:2 «ina eines Se 11.17 
Carbonate of magnesia, ..........-.s00-8- 8.31 
Alumina and oxide of iron,.............. 1.06 
Silioatsoed)!. aE san “eantates ean eee 4.2'7 
Water, Mt od. Gaited bs ic ‘ahd whet eee 0.19 


14. Limestone from near the mouth of Wolf creek, Giles county. 
Colour light grey; weathered surface, tinged with oxide of iron; 
texture rather friable; crystalline; fractured surface, rough and 
seemingly arenaceous; hydraulic. 

Carbonate of lime, . 2 .isid. x1, s:osbie ee 18.23 
Carbonate of magnesia,............seeee 10.99 
Alumina and oxide of iron,.............. 0.14 


WECM nee et 5 ose. eee. leks 0.09 
15. Limestone from locality 3 miles north of Abingdon. Colour 
dark blue; texture compact; grain fine; fracture rather smooth 
and slightly conchoidal; very hydraulic. 


Warnonate OF lime, 2. FEI. 15.30 
Carbonate of magnesia,................6. 7.11 
Alumina and oxide of iron,............... 0.23 
a 2.17 
EN ES eee 0.19 


16. Limestone eight miles north of Fincastle, on road to Dib- 
brell’s spring. Colour dark bluish grey; texture compact; slaty; 
grain fine; fracture slaty conchoidal; very hydraulic. 


RE OHBUSOLINING iis dewciee tc. eee 9.29 
Carbonate of magnesia,.................. 7.31 
Alumina, tinged with oxide of iron,....... 1.29 
SUM Rtodtt EMcTIng wistEs wolves! is cle sied ce ous 6.93 
SRI AEE 0. Bois do dA Os dale 0.18 


17. Limestone from west base of Little Fort mountain, opposite 
Woodstock. Colour light bluish grey; texture compact; grain 
fine ; fracture smooth conchoidal; very hydraulic. 


Carbonate of lime,.. 2.0.00. ee. 12.63 
Carbonate of magnesia,.................. 10.12 
Alumina and oxide of iron,.. .....-...... 0.48 
Ee SH PEC QU 1.52 
OE ee COOL 0.25 


18. Limestone from Roaring run, foot of the Two Pointers 
(mountains), Botetourt. Colour dark bluish grey; texture com- 
pact; grain moderately fine, subcrystalline; fracture sharp con- 
choidal; very hydraulic. 


ermine OL1INOG,. . 0... ect et eee 12.52 
Oarbonate of magnesia,................2. 7.83 
Alumina and oxide of iron,............... 0.62 
as. go xc cc ofa swt sie as qe'nis sas 3.90 
I tee as ure es te ee 0.13 


CHAPTER 4. 


Limestones of Formation VI. 


1. Limestone from Patterson’s creek, near Hampshire furnace. 
Colour greyish drab; weathered surface tinged with per-oxide of 
iron; texture rather compact; subcrystalline; grain moderately 
fine; structure slaty. 


Carbonate of limo, é:. «<4 5 slow th spews 0 23.11 
Carbonate of magnesia,.................. 0.35 
Alumina and oxide of iron,............... 0.19 
Ne iad 6 Hy Ras Sa Nid vies WOME L OMY HEE 1.24 
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2. Limestone from Little Ridge, near the Bloomery, Hampshire 
county. Colour dull bluish grey; texture compact; grain fine; 
crystalline specks; fracture rather conchoidal; hydraulic. 


Carbonate of lime, .ziund. ¢ 2aa eee 11.66 
Carbonate of magnesia,..........0/.0008. 7.67 
Alumina and oxide of iron,......... ..... 1.58 
SiliGa, ...:0 <:....05 es se pee ae 2 ieee ne 3.90 
Watery... «<a + +» > © yoo eine ee ieee eee 0.19 


CHAPTER 5. 


Limestones of Formation XI. 


Tt will be apparent from the following details, that this forma- 
tion includes beds of limestone of remarkable purity, and adapted 
to furnish a lime well suited to architectural as well as household 
and agricultural purposes. Where widely developed, as in Green- 
brier and Monroe, extensive beds are found in it, containing a con- 
siderable proportion of carbonate of magnesia, by which, together 
with the accompanying silica, they are fitted for the manufacture of 
water cement. Layers of this description are also met with in the 
northern portion of the state, and within the general limits of the 
coal region, an example of which is presented below in the specimen 
from the Cheat river, near the mouth of Laurel run. Numerous 
other instances of the occurrence of magnesia and hydraulic bands 
in this formation will no doubt be brought to light by further geo- 
logical and chemical investigations. 

The value of these limestones generally is sufficiently illustrated 
by the fact, that, excluding the specimen containing a large amount 
of magnesia, the average proportion of carbonate of lime in those 
enumerated below is about 86 per cent., indicating a degree of purity 
equal to that of the better class of dark blue limestones belonging to 
formation II., as they are spread out in our great valley. 

The last six specimens in the following list having been found 
devoid of magnesia, were analyzed no further than to ascertain the 
percentage of carbonate of lime. 


1. Limestone from the neighbourhood of the Red Sulphur springs, 
Monroe county. Colour bluish black; texture compact; grain fine; 
fracture smooth conchoidal. 


Carbonate.of, lime, , . . ..:. s+ +.» » ne 22.73 
Carbonate of magnesia,.............seees a trace. 
Alumina and oxide of iron,............... 0.30 
Pilica.ti.« .lwsait. oostius. Lomdigg wel 1.55 
Water, ..a0ll.lec.ed ce. 2dsccg een 0.11 


Bituminous matter. 


2. Limestone from Muddy creek mountain, near Blue Sulphur 
spring. Colour light grey; texture compact; grain fine; fracture 
sharp conchoidal. This rock is beautifully oolitie. 

Oarbonate of -Hmo,<.....6.%%...0reeae 24.55 
Oarbonate of magnesia,.........cccceeees 0.00 
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Alumina and oxide of iron,............... 0.12 
PROFLE Petre ieer er srrc'd hee Se a as 010 
et Ore WUS OD. OS PU, 0.06 


This, like all the other light coloured oolitic specimens from this 
formation, is remarkably pure, containing, as will be seen by the 
above result, upwards of 98 per cent. of carbonate of lime. 


8. Limestone from near Union, Monroe county. Colour bluish | 
grey; texture compact; subcrystalline; fracture sharp conchoidal. 


MPIC OF TNMIGS ST. os. ew ee ce es 23.98 
Warpomave Of Maenesia,. a trace. 
ommrne and Oxide Ofiron,:. 2 6 0.14 
Ce gn TS ae 0.47 
No a a 0.10 


4, Limestone from the inferior portion of formation No. XI.. 
Cheat river, three fourths mile below the mouth of Laurel run, 
Colour lead grey, with a greenish yellow tinge; texture compact; 
grain moderately fine; fracture irregular, earthy; very hydraulic. 


Carbonate of MITE sy ate > 4.4 10.40 
Carbonate of magnesia, eas se ttatie 5% 6.48 
ima and Oxide.ofiron,............... 2.42 - 
EEE DDE OES Pea ae 5.00 
On ee 0.31 


5. Limestone from superior portion of XI., east side of Laurel 
Hill axis, Monongalia county, used as a flux at the Greenville fur- 
nace. Colour spots of light yellow and grey; texture compact, par- 
tially subcrystalline; fracture uneven and rather smooth. 


I OEY a 22.08 
Alumina and oxide of iron,............... 0.63 
IN Tarst Sf. 2 i, wiavote jet arase sjoseyate as 4%0 2 
RI BEG Mision aesyetdi cs, § <m la,0-0]- <} slene 0.18 


6. Limestone from lower part of XI., used at Jenkins’s limekiln, 
Cheat river, below the mouth of Gum Camp run. Colour lead 
grey ; texture compact, slightly subcrystalline; fracture irregular. 


mmeenace.Of LiM6,...... 1s Saige Gk eat 22.44. 
Oarbonate of magnesia,....... 2. 2-2 2enw on 0.58 
Alumina and oxide of iron, .............. 0.29 
Beer, eho. tS OL PAUP ered. Ota. Osh 1.45 
ERD ATOIEEL 1 Cid, YsSlu 1G walla. 2 0.23 


7. Limestone from XI., Cheat river, below Gum Oamp run, 
Preston county. Colour light grey, with stripes of blue; texture 
compact; fracture rough plain surface, seemingly arenaceous. 


‘Carbonate of Finis, Srey one ody) wether 16.85 
Carbonate of magnesia, eracuintaeato © 3 0.58 
Alumina and oxide of iron,.............. 0.22 
SEIMEI atk bn col eek ete kctesvapeics cae iote'nai gL 26 tafe 6.75 
Water, esas ees to lb bier .ads nei’ ots 0.14 


8. Limestone from XI., Richard Forman’s plantation, Preston 
county. Colour lead grey ; texture compact, subcrystalline; grain 
fine; fracture slightly conchoidal. 


Oarbonate of lime, . .. .5%'). 2 oii eee 22.95 


Carbonate of magnesia,.............+006. 1.43 
Alumina and oxide of iron, ...........s- 0.10 
Dilicay ccs oil Noewstolis dt see 0.34 
W ater iiss 4a wacdwihiwe. ue eae 0.18 


9. Limestone from XI., western side of Briery axis, two miles 
south of Kingwood, Preston county. Colour light grey; texture 
compact, partially subcrystalline; grain fine; fracture irregular. 


Garbonate of lime,....«. 2. <suepek eee 22.36 
Carbonate of magnesia, .. .<. «000 dos eee 0.70 
Alumina and oxide of iron,.............. 0.22 
SI pea pre Se 1.51 
Water, aso w\i wlaseye 0 vicvage @ieigte leis iape a 0.21 


10, Limestone from eastern side of Briery mountain, one half 
mile north of the turnpike. Colour grey; texture rather compact, 
slightly subcrystalline; grain rather coarse. 


Oarbonate of lime, <."..: iss «cm aan ee 16.00 
Carbonate: of magnesia... «2: a. serene 1.69 
Alumina and oxide of iron, .............. 0.40 
DULIGA,”. 5. s's > « «0 <9», 0 7 = anaes 6.74 
W ater, 3. oe occa 0.17 


11. Limestone from front ridge of ‘Alleghany: opposite the North 
Fork gap in Knobly mountain. Colour dark bluish grey; texture 
compact, subcrystalline; grain fine; fracture conchoidal, smooth. 


Oarbonate of lime,.. 7... sO eee 22.52 
Carbonate of magnesia, so tos see's et Sage 1.00 
Alumina and oxide of iron,.............. 0.18 
sititer Seer S fa pay Sy rere PPP ee Bh 1.14 
Water, ....2.2.0000.ceees tes eee 0.16 


12. Limestone from front ridge of Alleghany, opposite Peters- 
burg; Colour light lead; texture compact; suberystalline; grain 
fine; fracture conchoidal. 


Carbonate of lime, ..:). 2.4 6.00% Sa eee 22.13 
Oarbonate of magnesia,............ss8e08 0.81 
Alumina and oxide of iron, .............. 0.38 
Silica,... sie 0 =)» ++. ws + 50 « 2 velliill a 1.50 
Water, ae nance) s 00.0 etl Us Oeik een 0.18 


18. Limestone from Everlie’s mill, near the head of Youghio- 
gheny, western side of Briery axis, Preston county. Colour light 
grey ; texture compact ; suberystalline fracture, slightly conchoidal. 
In the 100 grains, 

Carbonate of lime, o6nisi4 «obs 92 

14. Limestone from the lower part of XI., Decker’s creek, Mo- 
nongalia county. Colour light grey; compact, suberystalline ; frac- 
ture uneven. 

Qarbonate of lime,...........4.0080 eee 84.5 

15. Limestone from the middle of upper limestone of XI., west- 
ern side of Briery axis, 4 miles south of Kingwood road. Colour 
light grey ; compact and subcrystalline. 

Carbonate’of lime,:)):.. delied yee eidegam 90.7 
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16. Limestone from the western side of Backbone axis on Red 
creek, 6 miles above its mouth, Randolph county. Colour light 
grey; texture compact, Xe. 

co SNS 82.5 

17. Limestone from western side of Briery axis, half a mile 
below the Kingwood, near Roaring creek, on land of Christian 
Smith. Oolour grey, inclining to dun; texture, &c. as in the above. 

MERE SINICA i Doh chcs,-,0.0.0.0.0.0 0.2 0s 0s ee 69.5 

18. -Limestone from upper part of limestone of XI., a short dis- 

tance west of Mount Carmel. Colour grey; texture, &c. as before. 
EES SS a 84.5 


CHAPTER 6. 


Limestones of the Coal Measures. 


In presenting the following results, it gives me great pleasure 
to be able to announce the fact that by recent trials in my labora- 
tory many of the bands of limestone included in the coal measures 
have been proved capable of furnishing a good water cement ; and 
I would add, that the observations thus far made, lead to the belief 
that these hydraulic layers ‘are of frequent occurrence, both in the 
upper and lower coal series. In connection with future explora- 
tions, therefore, particular attention will be directed to the chemi- 
cal analyses of the calcareous rocks as presented at numerous locali- 
ties not referred to below, and to the determination of their value 
as cements or for household and agricultural uses. 

In relation to the results here given, it is proper to observe, that 
they are presented in a somewhat imperfect shape—the process of 
separating the alumina and oxide of iron not having been completed, 
and the amount of iron existing in the state of carbonate being now 
only in progress of examination. These particulars, however, are 
of little or no economical importance, and would not affect in a sen- 
sible degree the amount of lime and magnesia here stated. I have 
therefore thought it advisable to exhibit a few such results, even 
though incomplete, as illustrating the characteristic features of some 
of the limestones under consideration. Numerous and very detailed 
analyses of these and other materials, of which partial reports have 
been from time to time presented, will be given hereafter. 

1. Limestone from the vicinity of Morgantown, near Rogers’s 
mill. Dove coloured; weathered surface ferruginous; texture 
compact; subcrystalline; grain fine; fracture irregular and rather 
smooth; very hydraulic ; sets promptly and becomes very hard. 


Samepenate of lime’). iiasudd .biniclo ewes’ «> 13.01 
Carbonate of magnesia,................- 4.28 
Alumina and oxide of iron,.............. 2.15 
AE RR aoa ee Cg han eae 4,84 
REE CROSRNAA Rey Ar BP er Oo: bee Deen 0.40 


2. Limestone from coal rocks near Kingwood, Preston county, 
Mr. Hagan’s. Colour dull bluish grey tinged with yellow ; texture 
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compact; grain fine; fracture conchoidal; specks of sulphuret of 
iron and calc. spar; very hydraulic ; sets promptly and becomes 


very hard. 
Carbonate-of lime,........+ +s-s celebs MOORE 14.29 
Carbonate of magnesia,...........2..000% 5.95 
Alumina and oxide of iron,.............. 2.28 
lias). a ose | OO Oe 2.13 
CS Se rT 0.35 


8. Limestone from Kanawha valley, beneath Stockton’s coal 
seam, near steam mill. Colour dull dark grey; texture compact; 
grain rather coarse ; fracture conchoidal; containing carbonaceous 
matter and specks of iron pyrites; hydraulic. 


Carbonate of lime, ..4. axae aaa eee eee 15.70 
Oarbonate of magnesia,.............-... 1.07 
Alumina and oxide of iron,.............. 1.60 
SBIR. Sid cpticsten ae - tS ip eee ne ee 6.01 
IW Bb). med Fie ig ya <n fe 0.62 


4, Limestone from Hughes’s creek, Kanawha. Colour light blu- 
ish grey; texture compact; fracture slightly conchoidal; weathered 
surface earthy and ferruginous. 


Carbonate of lime,..........: t cnn oases 14.12 
Carbonate of magnesia,............+++++. 0.62 
Alumina and oxide of iron,.............. 1.75 
DILCA, |S oie: eis Sik WiaiaTs] late & Binet en 8.01 
Watery o. ..c/iris ils oot .os Sep ee 0.50 


5. Limestone from beneath the middle seam of coal in the King- 
wood basin. Colour lead blue; texture compact; grain fine; frac- 
ture irregular. 


Oarbonate of lime,'))1'...: 2.4). 2 19.88 
Carbonate of magnesia,............c0e0ee 0.70 
Alumina and oxide of iron,..............- 0.78 
Silica,2-05 0209 0. bod. O2C0I ie 3.45 
Water, 2225. P2000 R. 2G) Ph A 0.31 


6. Limestone from one mile east of Brandonville, Preston county, 
Mr. Rhodoheaver’s. Colour dull dark blue; texture compact; grain 
fine; fracture rather smooth. 


Carbonate of lime, ..... 4.0.) ee 16.02 
Carbonate of magnesia,....... 2.5. 0a eae 2.28 
Alumina and oxide of iron,.............. 2.14 
roasts. SUF, Re . 4.08 
Waters OL 20020004 SO) a, pe 0.32 
Carbonate of iron, ...../039.2'00.. 0.20 


7. Limestone from band beneath the lower seam of coal in the 
Kingwood basin, colonel Fairfax’s, 24 miles southeast of Kingwood. 
Colour dark lead grey ; texture compact : grain fine; fracture smooth, 
conchoidal. 

OCarbonate:of lime,.... 5.6. 6<+c ce eee 20.85 
Carbonate of magnesia,..............0005 0.83 
Alumina and oxide of iron,.............. 0.88 


sar le hg RE aa 0.31 
8. Limestone from the magnesian band above the Wheeling coal 
seam. Colour light grey or drab; texture moderately compact; 
grain rather fine; fracture inclining to be earthy; hydraulic. 


Carbonate 1 aS Ee 10.86 
Carbonate of magnesia, 9 SOBRE oe 6.61 
Alumina and oxide of iron,.............. 1.10 
i. SES 6.16 
EGR GGUS. ERY ok. sow als ES 0.27 


9. Limestone from the band adjoining the 2 feet seam of coal at 
Clarksburg, judge Duncan’s. Colour dull bluish grey, with a light 
brownish tinge; texture compact; grain fine; fracture rather con- 
choidal. 


Mmwoimate Ol1NG,, 7... ee es 23.88 
Carbonate of magnesia,.................. 0.47 
Alumina and oxide of iron,.......:....... 0.24 
Rete ce srsfiscis ccc Y. 0.23 
TS SOR ad a a 0.18 


Bituminous matter, a trace. 


10. Limestone from the band adjoining the large coal seam, 
Clarksburg, judge Duncan’s. Colour dark bluish grey; texture 
moderately compact; grain moderately fine; fracture rough and 
splintery. This rock is under examination as a hydraulic cement, 
and from present appearances bids fair to shew striking hydraulic 
powers. 


DEEMOLS TING, fa vise cee es eae St 16.70 
Carbonate of magnesia,...............-.. 2.27 
Alumina and oxide of iron,............... 1.10 
ETD WU blo ghd cies taatcte 0d o> eK » 4.52 
MIE TF WEIL Vey oes Ho \Db laisse tase“ealelead 0.41 


Bituminous matter, a trace. 


Cuapter 7. 
Iron Ores of Formation XI. and of the Coal Measures. 


1. Iron ore from formation XI., from the upper seam at the 
Grenville furnace, Laurel Hill, Monongalia county. Colour reddish 
brown or olive; ‘weathered surface light brown or drab; texture 
compact; grain ‘fine; fracture slightly conchoidal. 


‘Carbonate of TORE YC IES TO AMER ALAR? 0 23.27 
Carbonate of lime, PRED NTeGs OM; trace. 
Oarbonate of magnesia hao SUR Re pIEk trace 
Prey 50%... eerie brsienl a seis sogdsI2 
ISTE Ds Sar SESE Sy SRB Bae 5 Mirch) oo ee apa 0.20 
MPMCAE ANG: DIMMED... 20.020 nee ooo a-0 path 0.31 
Carbonate of manganese,.............+5- trace. 


2. Iron ore from XI., average specimen from “ Rock vein,” 
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Grenville furnace. Colour bluish, inclining to grey; texture com- 
pact; grain rather fine; fracture earthy. 


Carbonate, oF AON sp fs »'e.0,0cmecy akan 16.08 
Varbonate, of limbe,« +. = cin» b+ 4a): Suen trace. 
Carbonate of magnesia,.........c0se00--- trace. 
ROALMERL, \s'is'n g-eiik'p s'cc0b 6 9(e 0 SER = ie ee 6.80 
PAWIOing. 3:5 6» o's s+ + 058 op 1.04 
Water and bitumen, .. ...... 0.0% a +: iam tae 0.30 
Carbonate of manganese,.............. a trace 


8. Iron ore from XI., “Rock vein” at the ‘‘ Grenville works.” 
Contains vegetable remains and numerous disseminated scales of 
mica. Colour grey; texture rather compact; grain moderately fine ; 
fracture irregular, earthy. 


Carbonate of Iron;.:\:.m....eeeee eee eee 15.15 
Oarbonate of lime,.. 7:94... «mente aan a trace. © 
Carbonate of magnesia, . . . «<i ~nmse 30 n= a trace. 
11: Pe 7.80 
PdOmMINA,. . ... «:s'c\s,0, « «/ous.s maaan 0.94 
VE: ih oer 0.50 
Carbonate of manganese,........+<+s0e«- a trace 


4. Iron ore from XI., ‘‘ Lower vein” at Grenville furnace. Ool- 
our dull reddish brown; texture compact; fracture slightly con- 
choidal, disclosing minute scales of mica. 


Carbonate of. iron; 20)... sabe a eee 17.79 
Carbonate of lime and magnesia,......... 0.35 
SI AMS 5.62 
NUL *. 0.74 
Et) A 0.41 
Carbonate of manganese,.............- a trace. 


5. Iron ore from XI., upper vein, Henry Clay furnace, Monon- 
galia county. Colour grey with a reddish brown tint; texture com- 
pact; grain fine; fracture conchoidal; weathered surface ochreous. 


Oarbonate of iron,.:...5..:.+-s ae 22.28 
Carbonates of lime and magnesia,......... 0.20 
Dilica, 0.4... ove 5 oe ae ae 1.87 
Alumings i Delis oy Ss Oe 0.35 
Watery 3 \:2c.04/3 Sam » spew + 9 5)n3 0s 0.22 
Carbonate of manganese,.............. a trace. 


6. Iron ore from XI., German Settlement. Colour bluish grey 
inclining to brown; texture compact ; grain fine; fracture irregular 
conchoidal. Contains films of carbonate of lime and minute specks 
of sulphuret of iron, sparsely disseminated. 


Carbonate of IPOD, « «oo 20 desk Siaie ae 23.00 
Carbonates of lime and MAgnesisA, . «see 0.30 
PRNCA OE nth vinnie + wo pe 0 2 ee 1.02 
AVGMING, oso dvlbie «== «4% +» « OR 0.30 
Uh!) A A er A . 0.28 
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_ 7. Tron ore from Hollow run, a branch of Muddy creek in Pres- 
ton county. Color dark blue ; texture compact ; grain fine; fracture 
slightly conchoidal; weathered surface yellowish brown. 


RMIMIESIEOTECMR ces cc ose eet tec ese 20.64 
Ra CUT on ore ne wee ais 0.56 
Carbomate of magnesia,.................. 0.94 
ee iain la 2.11 
ER a es 6 spn vin op so go 0.53 
Ee ce cs eee ee et ee ne 0.26 
Carbonate of manganese,................ 


8. Iron ore from Stoney run four miles above the turnpike, 
Hardy county. Colour light gray; weathered surface tinged with 
per-oxide of iron; texture compact; grain fine; fracture conchoidal. 


0) 19.89 
ei lal 10) Ye ea a a 0.84 
Carbonate of magnesia,.................. 0.64 
coca ES IS 2.54 
EG 0.46 
RR ee ce wee eee 0.35 
Carbonate of manganese,. ............ a trace. 


9. Iron ore from falls of Stoney river, Hardy county. Colour 
dull lead grey, inclining to brown; texture compact; grain rather 
fine; fracture splintery. 


MEE IEON,. Se ee ee een 17.75 
MMMMETIEMEE ADE 1UTK1G, |. ss > > oo. 5 oe vince «ccc. 1.44 
Carbonate of magnesia,................. 1.00 
DD... Wi nao we ne cameee ns 3.05 
ME Bee tS eee al. od IT. 0.90 
BESTS bss aap ae 0.45 
Carbonate of manganese,.............. a trace. 


10. Iron ore from shales above the calcareous band separating 
the two seams of coal at col. Fairfax’s, Preston county. Colour 
blue ininterior; exterior composed of concentric layers per-oxidated 
by exposure to the atmosphere; texture compact; grain fine; frac- 
ture slightly conchoidal. 


ERAT TOIT CA ale ote elects’ ls 17.16 
MUMEETEILG OF ITIO, 5 .°.*.'.'.''s''o "o's e's e's en's ele 1.46 
Carbonate of magnesia,...............-2: 3.01 
I rs SES I T  e ees ewok cet 2.62 
EIT ER AEE Te PPS. PIN. 0.45 
SE AEC TL, SCID, USO EOL . oT 0.53 
Oarbonate of manganese,............... a trace. 


11. Iron ore from shales above the lowest seam of coal on North 
branch of Potomac, six miles below the mouth of Abraham’s creek. 
Colour dark bluish grey with a brownish tint; weathered surface 
dark brown; texture compact; grain fine; fracture conchoidal. 

ROSY SVE, DED coc alain hes acme atac bs uie. wie og Pe 19.30 
ETE i) a 0.81 
Carbonate of magnesia,...........0.eeeee 0.70 


eR Os ee ee 2.85 
SAPe IN? 22 Sees oe 0.61 
Carbonate of manganese,.............. a trace. 
IW ROD os oes AeD hes se Dee 0.33 


12. Iron ore from coal measures, M. Hartman’s, Crab Orchard, 
Preston county. Colour deep red inclining to brown; texture com- 
pact; grain fine; fracture slightly conchoidal; powder dark red; 
contains vegetable impressions. 


Peroxide of iron,’...... aeumunaeaeean ane 16.67 
1 Fi) ( ee ME ra Ne 0.15 
Matnesia,... .. +s + «ss spe ae 0.19 
Bitica ee eS ee 6.24 
611116101): Sh Aen, Beueatpes gerber Gs, 0.97 
Carbonate of manganese,...........0.- a trace 
Waters 02 S250 15 Do 0.66 
13. Iron ore from Wilson’s mill, shales between the first and 
second seam of . Colour bluish grey inclining to 


brown; texture compact; grain apparently coarse; fracture slightly 
conchoidal. 


Carbonate Of, Jron, ... ...'s «soap ae ee 15.41 
Carbonate of lime,, ..v... e eee YF (og 
Carbonate of magnesia,..............ces. 0.56 
PORT Eee er, ee crete 6.22 
Alominia, 2.5040... La 1.15 
Carbonate of manganese,............. a trace 
Water, . 203°. 20055054055 2 er 0.51 


14. Iron ore from coal measures, Valley furnace, Monongalia 
county. Colour reddish brown, inclining to grey; weathered sur- 
face ochreous; texture rather compact; grain seemingly coarse, but 
not so to the touch; fracture irregular; contains vegetable impres- 
sions. 


Carbonate of -iron,,... & )././s «=e 5 Oe 19.18 
Carbonate ,Ol JING, ..s/. ave) « ac, dele 0.93 
Carbonate of magnesia,.......«..Sntieneee 0.70 
PANIOS.: is ss ps os oo sk od 2nd oo oe 3.18 
ALOUOINB, | 5 o's x ¢ 2, «sie ain as) ,2 «sia owe 
PYROS Soe ns! 5,0 sip 0s nie see 10: fa nana 0.44 
Carbonate of manganese,............+- a trace. 


15. Iron ore from the Valley furnace as above, called by the 
miners kidney ore. Colour bluish grey, inclining to brown; weath- 
ered surface ochreous; texture compact; grain fine; fracture plane. 


Oarbonate :of: iron,..’. ..') ..0.k. Ae 19.55 
Carbonate .of lime; .... weasel oo le 1.10 
Carbonate of magnesia,.......... 0.000008 0.75 
Silica). sacks) $40.) ce, «doe 2.80 
BORA i ais trois <2 sb 2 0 @ 60 50 0.35 
Water, . 5 cca ccc00 00 00s» = nce 0.50 


Carbonate of manganese,...........4.. a trace, 
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16. Iron ore from shales above the second seam at Brantzburg, 
North branch of Potomac. Colour greyish blue; texture compact; 
grain moderately fine; fracture irregular; weathered surface tinged 
with peroxide of iron. 


re so ees one e rer oee 17.17 
Carbonate of magnesia,.................. 0.78 
CMP bOnEbe OL erihs xso. cs ced. 0.45 
RG ice ne seat oon oo 5.18 
IE RTI 6.0.0.0, 0.0. 4,050,000 « wliiie & 0.69 
Carbonate of manganese,.............. a trace. 
A Aan 0.39 


It will be remarked of the above analyses, that a trace of carbon- 
ate of manganese is stated as generally present, both in the ores 
of XI. and of the coal measures. In only two or three instances 
was its amount sufficient to be estimated, and in these cases it was 
found so inconsiderable as to be undeserving of note. With regard 
to several other specimens yet to be analysed, there are indications 
of a larger proportion of this ingredient. I would add that a pre- 
cise determination of its amount will always be given where it is 
capable of being noted, or worthy of mention in an economical point 
of view. 


COALS OF THE GREAT WESTERN COAL REGION. 
FROM FORMATION XI. 


Though not properly included in the coal measures, the coals of 
this formation being found either along the margin of the great basin 
or in the axes within its boundaries, are in general so contiguous to 
the seams of the lower coal series, that they may with propriety 
be treated of in the same connection. 

1. Coal from Little Sewell, near the top, a short distance below 
formation XII. Composed of alternating shining and dull black 
lamine. In the 100 grains, contains, 


i ed an ns ws cht haings 80.24 
IMISRLOT 6 oo ov cic's oe'e sv Geo teen's 17.48 
eR A A Peer Pee > ee 2.28 

2. Coal from same locality; aspect the same as the foregoing. 
RR Sih yy eb bp nanesiereid 77.64 
AAI ook ai bcsiaivun. spendinn ahs ng AMINE oO 17.36 
| EST eS Ra ae 5.00 


FROM BIG SEWELL MOUNTAIN. 


8. Coal from the east side of Big Sewell. Rogers’s seam. Com- 
posed chiefly of shining jet black lamine, with occasional thinner 
ones of dull black. 

ee ee ky by aa bs x ae 0 75.88 
TATE on ins Giacd’h a's 48's tag a se enol i diae tan 
ESS Pkg shah a Fears ek sn oss 1.80 
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4, Coal from west flank of Big Sewell. Tyree’s bed. Composed 
of dull black lamina. 


Carbon eh dbs crs sae se sa 67.84 
Volatile matter,. >.) ...... 20. oe 30.08 
AS}... Sn SPC eNO 2.08 


5. Coal from west side of Big Sewell. Deem’s. Composed of 
jet black shining lamin ; fracture prismatic. 


Garon Fo. 6 Ol eo eee tee 71.73 
Woletile matter,:,...<.i.2nanmee cs te cies 27.13 
[NOt er 1.14 


FROM TRACT BETWEEN BIG SEWELL AND KANAWHA, 


6. Coal from Mill creek, Fayette county. Paris & Wood’s bank. 
Composed of shining black laminew, with films of charcoal. 


Oarbon, 2. }..y. 6 eRe ee Berean 71.88 
Volatile matter, .. 202.04 OF eee eee. 26.20 
Asbo: Jogo... 20a 1.92 
7. Coal from Scrabble creek. Shining and compact. 
Qarbon, 02% i saidvect bo Re nee 63.36 
Volatile amatter,...... sca 9s ee 29.04 
ASD) 3 os.sc vcs's vietvs os oe ea le 7.60 
8. Coal from Bell creek. Dull and friable. 
Oarbon, .. « «2°. so «:a>:sin » bassinet al 
Volatile matter); :.... +000 «6. «ane 82.16 
ASD yo. eager {nas oa’ hoheiege aan 


LOWER COAL SERIES. 
FROM THE VALLEY OF THE KANAWHA. 


9. Coal from SW. side of Keller’s (Kelley’s, Ed.) creek. Lowest 
seam. MHansford’s. Brilliant and compact. 


Carbon. <. 0... CUA 60.92 
Volatile matter, ...325...%.4944 Se 37.08 
ASDA. 05.505 2285 2 ee ee 2.00 


10. Coal from Stockton’s mine, near mill. Second seam. Deep 
black; shining and compact. 


Garbo, «.... 00a ee ks «ss 74.55 
Volatile. matter,...:. 0... ..4+.%.9)0n 21.13 
| err 4.32 

11. Coal from L. Ruffner’s. Campbell creek, or second seam. 
Carbon.» .ss%% joes hk ae 55.76 
Volatile matter,.... ... ...» - a. ss) nn 32.44 
cise Bion git sys. nee aces 93, 0 nea 9 11.80 


12. Coal from Noyes, Rand & Co.’s, Campbell's creek, or sec- 


ond seam. 
AP DOMy cr shit u've o's a's sa's ses 's 0 sip nn 64.16 


AGH, |S ne ee a ee ee , 8.60 


“7 = ae 
. 

4 

’ 
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13. Coal from Noyes, Rand & Co.’s. Campbell’s creek, or see- 
ond seam. 


Ee ec ee oe cas eos 65.64 
A I rea aa are aaa 31.28 
ee eee ee 3.08 


14. Coal from Cox & Hannah’s (Hanna, Ed.) Third seam. 
Deep black, shining and compact. 


Carbon, Ta cee ole ee ee ee 51.41 
ITIMEOP SMe tnt n>. ys... ust yes 42.55 
oe epee peel har plana 6.04 
15. Coal from Faure’s bank. Upper seam, beneath the black flint. 
gd A 53.20 
Volatile SS a a Lope 35.04 
TOTES ROT Se 11.76 
16. Coal from upper seam. Daniel Ruffner’s. 
Ee 49,84 
tT... eas 'o sas nie ss 44,98 
ee. els ek kt ee es os 5.88 
17. Coal trom Bream’s bank. Third seam. 
eet te”. be ee so sc 57.76 
I RMMEER ON PD Ee a's. a "— "san. "ov fnse 33.68 
EEE eRe ase. S-. es : denpescoiete 8.56 
18. Coal from Smithers’ bank. 
EE Se cea ee ee 54.52 
MEIETIRGDCE, 00. cs. =. +2 ts oe) bee 29.76 
et oe corre ce es eee 15.76 
19. Coal from Hughes’s bank. Brilliant and compact. 
te A ae es 62.32 
Volatile MRR ete ee eats sa cokers 314 32.88 
RD crc cn cc's vclas ss sess ©: 4.80 
20. Coal from Danl. Ruffner’s. Upper seam. 
EE FA ke TOO TOE eek 57.28 
Volatile TRIES TT AST AOR bone 8 35.08 
EE oe oo cola o'c)o' via 'areds «000 bay rs 7.64 
21. Coal from Warth & English’s. 
Fe Pats oto t soo’. ata afetst. Uityhatn’ 54.00 
Volatile matter,........ ee ea oe Alera se 39.76 
SEA A an Pots aa Aes) 6.24 


FROM THE HAMPSHIRE AND HARDY BASINS. 


22. Coal from lower seam, Brantzburg, north branch of Potomac, 
2 miles above the mouth of Savage. 


EIS ose oO Fata See tee oP ets WER wee os 72.40 

Volatile Matar i invonosis sae As DRS Bie 19.72 

ya eke ie ERIS AiR tt al eneaare a) oa 7.88 
23. Coal from Oliver’s tract—12 foot seam. 

RT RN a eA oh a ah 79.08 

Volatile POMULAR EY STR a eee ot ee 16.28 


_._ ) REECE eRe Ree een 4.64. 
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24. Ooal from Sigler’s mine, near Westernport, Maryland—12 
foot seam. 


WATOON, . <> +» 95's sip olsen so nie een Bee ee Me 
Volatile matter, .....<..'... 545 a ee 15.76 
BBD ys ose ens sce be weo 4 aia oh een 2.64 

25. Coal from Lonaconing, Maryland—12 foot seam. 
Oarbon, 3... +.» + « »i9 «+a = > cee 77.43 
Volatile matter, ........ + s.5 eae eee 19.37 
WAIN bo «cn bcs co - 00 0 + 0/9'eie oie ete 3.20 

26. Coal from Macdonald’s, Abraham’s creek. Third seam. 
OarbOn,, ..., «+/+ sce coarse antes hes iat ae 74.00 
Volatile matter, ....... ses siete lean 18.60 
ASD alesis. viele ce cide» selene 7.40 

27. Coal from near the turnpike, 1 mile from top of Alleghany. 
Oarbon, « . o'.:.4y%bis l= born oe 77.12 
Volatile matter,,........ 00) eee ee 19.60 
BSD, 5's so = oa’s 2 e's o v's » 0c wee gene 3.28 

28. Coal from Vandover’s, near NW. turnpike. 
Oarbon, ...\ «© ccm ens Svece alee 0s et 61.44 . - 
Volatile matter,”. .... .. <0 0 see 14.28 
BSD 0's scis owe 0: ono + ok cere 24.28 

29. Coal from Kitzmiller’ 8, Hardy county. 
Carbon, '... ... 2. «0's» ti » sehen ann 79.76 
Volatile matter, ..5..0 0... oe eee 15.48 
ASD oreo dese cess cen es cee 4.76 

30. Coal from falls of Stoney river, Hardy county. Lower seam. 
Oar bonny. oie = 0 olesssstelS 0° 8 os odes teeta an 79.16 
Volatile THALLOL, .......02 20 54 an 15.52 
PSDs o's ov) s 0. ddin shale ane 8.5 din 0 lee tne 5.32 


81. Coal frond Michael’s, near Abraham’s creek, 6 miles above 
the turnpike. 


Carbon, © io. <56 s cust bist ee Mie 72.40 
‘Volatile matter, ~. ..< «i... « «0» +0 0) mann 15.20 
ANS n'a o's oo sauy ae = 99 #000 9 ae 12.40 
82. Coal from Stoney river, 1 mile north of turnpike. 
Carbon, 465 6 ss 'so's owis's oe os aos ss nnn 83.36 
Volatile matter, .)..... > s».. «<hian 13.28 
Bi as one h'ep'p!evoig p iss 6 5: 2 eo 0 nn 3.36 
83. Coal from Michael’s, upper part of seam. 
CJArDON, ». v5 Js pgs. 2.0.0.9 +955, 451.05 45.24 
Volatile ‘matter,.°. 4. 2 14.96 
S21 ee oa ste «as pred bebe) » peat 39.80 


LOWER COAL SERIES. 
FROM PRESTON AND MONONGALIA BASINS. 


34, Coal from colonel Fairfax’s, Kingwood basin. Upper seam. 
Ganbea cuits sc. .s+0cs +. case 53.77 
Volatile matter,.......ccscesss oun 31.75 
BRD Ss os nip Sean sare > 0s 0 a 0 > se 14.48 
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85. Coal from do. do. Middle seam, 24 miles from 
Kingwood. 
CS ee a A 65.82 
CMIMUEIEMUNOTCUE GGG ts cst kee ee 27.77 
a 6.91 


36. Coal from Ro. Forman’s basin southeast of Kingwood 
basin. 


re 73.68 
re 21.00 
ee ee Sa tone 5.32. 


37. Coal from J. Martin’s, branch of Deep Hollow creek, Pres- 
ton county. 


a 65.42 
EMME IEELOT Ss Sic sy nok oe re cee idelsis + 23.42 
NS eee 11.16 
38. Coal from Mr. Beatty’s, 3 miles from mouth of Buffalo Lick 
run. | 
Oe 6 SS a 62.56 
EN Sn 29.60 
Co ae eae 7.84 


39. Coal from Forman’s mill, Big Sandy, 1 mile from Brandon- 
ville, Preston county. Middle seam. 


0 AGAR ae eee ee 67.60 
MDIIG TUDALOL, 52535. 2 e ee CUTOUT 22.40 
on Seren res 10.00 


40. Coal from Morton’s, 12 mile NW. of Brandonville. Upper 
seam. 


cc ce renee we etek lt 65.28 
MeMEEAAIOHTOQOULCT, .. 0... oak ee Sec ees 30.80 
a A an eae 3.92 
41. Coal from Mr. Price’s, Cheat river, near Kingwood. 
Ee ere 2 ha.) ae Wi icaia afa'c Ses vee 60.36 
MESIIBGLOPS Po oF itic cas ves vince bb ved ee 25.00 
one gh eh ivide e's wee cleidace ¢vaie 4 14.64 


42. Coal from Mr. Seaport’s, Big Sandy basin, west side of Big 
Sandy river. 


Erte eee oo aes ee ea ts cake ¥* 66.64 

TT a 2'7.12 

eae pl EGE ET SPOR ETE EE 6.24 
43. Coal from Mr. Hagan’s, Kingwood basin, 1 mile west of 

Kingwood. 

EN os tae renee con din us wasn Cras sce 68.3 

RETOUR ISON fea Sucks « eas nin Farce c «2: 0° 26.48 

Ren chic Agee et ee Ce ese; 20 
44, Coal from same locality as above. 

MN Or BOE kaa. Sara athe RIG. 0's 5 <4 «8 67.28 

MAELO PUGET, 5c ss sala dd ais Me eo tn 2 ,. 29.68 

RR ira a fa abba are be de 9 v0 00's 8 8.04 
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45. Coal from Mr. Wall's, Big Sandy basin, west side of Cheat. 


LOBED ON. iss sa jen oss v.2 + Uae 60.04 
: Volatile matter,.: 25.252 522A See 26.88 
AB... ese ch ce De ass cb 6 ou) sett 13.08 

46, Coal from Mr. Cr esap’s, $ mile SW. of Kingwood. 
Oarbon, ooo Sei, oe 64.24. 
Volatile matter,........+... vase ee 30.24 
ASD. css vee act base oe ee Se 5.32 


UPPER COAL SERIES. 


47, Coal from main seam at Clarksburg. Upper coal series. 
56 


CardOn, 62.4 6.06:3.5 vss ak ee 
Voléfle matter, ..... sesame ««eeaee 41.66 
p:\-| | PM 1.60 


Coal fr om same seam. Cannel coal found near the middle 
of me seam. 


Carbon ye. oc os 0x i ws « sy oe etereereee 49,21 
Volatile matter, .....-...<:..000. ses 2 eee 45.43 
AB) ..5 2430s 50000 55h 0 eee eee 5.36 


49. Ooal from main seam, Pruntytown. The same with the 
Clarksburg seam. 


GATDOD, oc iesicys ¢ ¢ srin es s 05 te 57.60 
Volatile-matter, ....,.. +. ses eer 89.00 
rN: (oe Ser 3.40 


50. Coal from main seam, Morgantown. The same as the pre- 
ceding. 


@arbon,.......0) s+ +s «es >s 006 mee 60.54 
Volatile matter, -... 0). 535.273 37.30 
Pipi. cs occ ond 65004 s0i5 tes 5 2.14 
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OFFICE oF THE Boarp or Pusiic Works, 
February 3d, 1841. 

Sir, I herewith transmit the annual report of the geologist of 
the state for the past year, which you will please lay before the 
house of delegates. 

This report relates chiefly to the marl region between the Poto- 
mac and Rappahannock rivers, the northern district east of the 
Blue Ridge, and the great western coal region. 

Taomas W. GILMER. 


To the Speaker of the House of Delegates. 


REPORT. 


In compliance with the law requiring me annually to present an 
account of the progress of the geological survey of the state, I beg 
leave to make tlie following report : 


CHAPTER I. 
OPERATIONS AND PRESENT CONDITI ON OF THE SURVEY. 


Section I. 


Organization of the Corps, and Plan of Operations during the Past 
Season. 


As the board is aware, the resignation of Professor James B. 
Rogers and Oharles B. Hayden, who had been able and efficient 
members of the geological corps, from an early period of the survey, 
occasioned some delay in carrying into execution the entire plan of 
operations projected for the season. Assoon, however, as the time 
for field duties arrived, the remaining members of the corps, Dr. 
Boyd, Mr. Briggs and Mr. Slade, repaired to the districts assigned 
them, and the vacancies above referred to having at length been 
supplied, by the appointment of Mr. Samuel Lewis and Mr. Thomas 
S. Ridgway, these gentlemen, also, as soon as practicable, entered 
upon their allotted duties. 

In continuation of the explorations in which they had been en- 
gaged during the preceding season, Messrs. Boyd, Briggs and Slade 
were directed to pursue their enquiries in the unexplored portions 
of the great geological sub-divisions of the state in which they had 
previously been occupied, and in which their labours could be most 
beneficially employed. 

Accordingly, Dr. Boyd entered upon a detailed examination of 
that sub-division of the district lying between the Blue Ridge and 
the western boundary of the marl region, which extends from the 
James river ani a line passing through Albemarle county to the 
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Potomac; embracing a wide extent of primary and metamorphic 
rocks, an important portion of the formation designated in my last 
year’s report as the middle secondary, and the narrow, though im- 
portant belt of still more recent sedimentary rocks, lying adjacent 
to the western limits of the marl, for most of the distance between 
the James river and the Potomac. 

Guided by the knowledge of the more marked geological fea- 
tures of this region, already acquired by observations of my own, 
during a previous season, Dr. Boyd proceeded, at once, to trace the 
various important belts of rock occupying this extensive area, with 
the view of defining them accurately on the map, noting carefully 
the numerous detached beds of limestone occurring in a prolonged 
zone towards its western boundary, the ores of iron and other use- 
ful minerals, met with at various points, and connecting with all 
these local observations and longitudinal tracings, a series of accu- 
rate sections extending entirely across the region, in nearly equidis- 
tant parallels from its eastern margin to the summit of the Blue 
Ridge. 

With the view of completing the exploration of that portion of 
the corresponding district south of the James river, to which the 
minute researches of preceding seasons had not been extended, Mr. 
Samuel Lewis was directed to pursue a course of examinations sim- 
ilar to those of Dr. Boyd, in the district lying between the James 
river and the Carolina border, and between the western boundary 
of the mar] and the margin of the district previously explored. Be- 
sides making numerous Jines of section, and intervening observations 
relating to the primary rocks occupying by far the larger portion 
of this area, he was instructed to complete the tracings formerly be- 
gun, of the coal basins lying in Chesterfield, Powhatan, Henrico and 
Goochland counties, so as to determine, with as much accuracy as 
our means of research permit, the irregular margin of primary by 
which they are enclosed, and to ascertain whether similar coal- 
bearing strata recur at other places in the district under his charge. 

To Mr. Briggs was committed the task of continuing the explo- 
rations begun by him during the preceding season, in the great west- 
ern coal region of the state, by prolonging his observations on the 
Ohio, as far as the Hentucky line, atthe mouth of Big Sandy, by 
carrying several important sections entirely or partially across the 
northwest portion of this region, among which was a preliminary 
line of observations along the Little Kanawha, and by a minute ex- 
ploration of the valley of the Monongahela, comprehending the 
wide tract between the western flank of Laurel Hill, and the line 
along which the upper coal measures, and the important accompa- 
nying rocks, disappear beneath the level of the streams. 

In connection with these extensive and minute enquiries, chiefly 
conducted in the northwestern portion of the state, a series of meas- 
urements and other observations, were directed to be made by Jr. 
Ridgway, from the falls of the Great Kanawha to Point Pleasant, 
with the view of completing the data for an accurate section along 
this line, and to this gentleman the further duty was assigned, of 
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making preliminary explorations on the Coal, Guyandotte and 
Sandy rivers, so as to embrace the general features of that portion 
of the great western coal region, lying between the Kanawha river 
and the Kentucky line. 

To Mr. Slade was assigned the duty of continuing the revision 
of certain portions of the Appalachian belts, in the district included 
between the western slope of the Blue Ridge, and the eastern bound- 
dary of the great coal basin of the west; imparting greater accuracy 
to sections previously formed, constructing others illustrative of 
new lines of observation, and marking out the boundaries of some 
of the Appalachian groups of strata with more minuteness than had 
been previously attained, associating with the general tracing of 
the formations investigated, an examination of all the important lo- 
calities of ores or other minerals included in them, and not previ- 
ously made the subject of special enquiry. 

In prosecuting the plan of operations contemplated in the above 
allotment of duties, to the several members of the corps, the amount 
of labour performed, and the progress made towards the completion 
of the survey, though entirely satisfactory, has fallen short in some 
portions of the field, of the anticipations expressed in my last year’s 
report. This result, in part occasioned by the unavoidable delay in 
filling the vacancies which occurred in the corps early in the sea- 
son, and by the time required by the newly appointed assistants to 
become familiar with the duties specially entrusted to them, was in 
a still greater degree the consequence of the protracted indisposition 
of Dr. Boyd, which, after causing frequent temporary suspensions 
of his labours, compelled him to withdraw entirely from active du- 
ties early in September, and in a few days after his arrival at the 
University, terminated in his much regretted death. 

The board have long been aware of the zeal, knowledge and 
fidelity with which this gentleman uniformly executed his share of 
the labours of the survey, as well in aetive exploration, as in the 
selection and arrangement of specimens towards the formation of 
the public cabinet; nor do they need to be informed of the great 
value of his skill as a mineralogist, as well as a geological observer 
in the detailed examination of the widely extended primary region, 
in which for the last three years, he has been almost exclusively 
employed. Of his amiability of heart, and his general merits as a 
cultivator of those branches of science to which he was devoted, it 
would be inappropriate here to speak. It will suffice, while advert- 
ing to these and other engaging traits of his character, briefly to 
record an expression of our deep regret for the loss of his compan- 
ionship and services in the corps, and of our sincere respect for his 
memory as a gentleman and a lover of natural science. 

Since the close of our operations in the field, the chemical and 
graphical departments of the survey have as usual occupied a por- 
tion of the attention of myself and assistants, and will continue to 
receive a just share of our time and labours until the period for as- 
suming field duties shall arrive. 

The task enjoined upon each of my assistants, of drawing up de- 
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tailed reports of their observation during the season of active la- 
bour, in general, giving them full employment until the winter is far 
advanced, and my own report calling for much additional labour in 
consequence of the imperfect shape of materials from which, at this 
period, I am compelled to frame it, the chemical and other collat- 
eral departments of our labours cannot be brought into full activity 
until a later period, and as a consequence of this, only a small por- 
tion of the details relating to these departments, and having im- 
mediate reference to the subjects treated of in the annual report, . 
are in a state of sufficient forwardness for publication. 

Before drawing to a close this general sketch of our operations, 
completed and in progress, it is proper to add, that continuing the 
employment of the thermometer as a means of determining heights, 
we have during the past season been enabled to make numerous 
useful measurements in various parts of the Blue Ridge, some of 
the parallel mountains lying west of it in the Appalachian belt, as 
well as of the lofty hills bordering on the Kanawha and Ohio rivers. 
These, and the measurements made in the two preceding years, are 
already sufficiently numerous to contribute important aid towards 
determining, with comparative accuracy, a highly interesting feature 
in the topography of the more rugged portions of the state, and at 
the same time to facilitate some of the most difficult explorations we 
are called upon to make. 

By greatly multiplying the observations of this nature, as it is 
my wish to do, during the coming season, a most important acces- 
sion will be made to our knowledge of the physical configuration of 
our territory, and while in this way the means will be furnished of 
representing accurately the results of our labours in sections and on 
the map, data will be afforded of no small value to future engineer- 
ing enterprises in various quarters of the state, and of much general 
interest, as elucidating an important element in its geography. 

Reserving these and other topographical details for my final re- 
port, I may be allowed to mention, in illustration of the general 
interest of the class of observations now in view, that by their 
means we have recently confirmed the conjectural opinion, prevail- 
ing throughout the southwestern quarter of the state, as to the alti- 
tude of the lofty peaks which form the prolongation of the great 
chain lying between North Carolina and Tennessee. 

The elevation of the Balsam and White Top mountains, situated 
in the southwest angle of Grayson county, above the level of the 
South fork of Holston, near the state line, has been found of such 
amount as, when incr eased by the known elevation of the level thus 
referred to, to place the summits of these peaks at an altitude of up- 
wards of 5000 feet above the level of the sea. This elevation, ex- 
ceeding by about 1000 feet, the height usually but I think errone- 
ously assigned to the Peak of Otter, is, I believe, the greatest alti- 
tude yet satisfactorily ascertained in Virginia, or indeed in any of 
the middle and southern states, and may be considered as defining 
approximately, if not absolutely, the culminating point of the nu- 
merous chains of mountains by which they are traversed. 
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Section II. 
Completion of the Survey. 
Notwithstanding the delay and partial suspension of our opera- 


tions in some parts of the state during the past season, I am happy 


still to have it in my power to say, that I look with confidence to 
the completion of our explorations and revisionary labours in the 
field, by the termination of the next campaign. 

The districts remaining to be explored, are already well under- 
stood as to their marked geological features, and will present no im- 
pediments to enquiry for which we are not fully prepared, or which 
are likely to retard the rapid progress of our work. In order to com- 
plete our knowledge of all that portion of the state lying to the east 
of the Blue Ridge, it will be necessary to make additional researches 
in the primary region north of the James river, together with some 
further observations in the western portion of the Tertiary marl re- 
gion, between the Pamunkey and Rappahannock rivers, as well as a 
general exploration of Accomack and Northampton counties. With 
regard to the western division of the state, I have little reason to 
doubt that, by continuing our revisionary work and measurements 
in the mountainous belts of the Appalachian formations, and includ- 
ing the examination of that portion of Randolph county which has 
not yet been examined, and by employing an adequate force in those 
parts of the great western coal region where our explorations are 
either incomplete, or have not yet been commenced, we shall, by 
the termination of the season, have attained such a knowledge of 
every part of this vast territory, as will enable me to give accurate 
descriptions and delineations of its geology, and to present a com- 
plete and finished picture of its numerous and valuable mineral re- 
sources. 

There will then only remain to be executed such further duties 
connected with the preparation of the sections and maps to accom- 
pany the final report, and with the analysis and arrangement of 
specimens fcr the cabinet, as may be found necessary for the com- 
pletion of these departments of the survey. In the meantime, the 
final report for which I am already preparing, and with which I 
propose to occupy myself during the progress as well as after the 
close of these auxiliary labours, will be advanced with all the rapid- 
ity compatible with the magnitude of the task of framing such a 
work in a manner suitable to the importance and dignity of the en- 
terprise of which it is to detail the results, and to constitute the 
crowning labour. 

In thus adverting to the approaching termination of my arduous 
tasks, I may be allowed to express the heartfelt satisfaction with 
which I contemplate this wished-for result, and the real pleasure I 
experience in the anticipation of bringing the enterprise to a close 
at as early a period, and with as small an expense to the state, 
as in my early calculations I pronounced adequate for the purpose. 

In proof of the punctuality and economy here referred to, I may 
be permitted to remind the board, that when in the report of 18386, 
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I urged the expediency of augmenting the annual appropriation 
from five to eight thousand dollars, I expressed the conviction, that 
with the force at that time at command, it would not be practicable 
to bring the. survey to a termination in less than twelve years; 
while with the enlarged means then solicited, the work might be 
completed in one half the time, and at an expense which would 
probably fall short of fifty thousand dollars. 

As yet, less than five years have elapsed since the organization 
of the corps under the enlarged appropriation, and the expenditure, 
including that for the first year of the regular survey, has scarcely 
amounted to 36,000 dollars. 


Srecrion ILI. 


Subjects and Plan of the Present Report. 


In conformity with the plan adopted in the report of last year, I 
purpose, on the present occasion, confining myself to a sketch of 
such districts of the state as have been most completely explored, 
and as from their simple geological features, admit most readily of 
being illustrated without the aid of sections or other drawings, add- 
ing subsequently a brief account of our operations in other regions 
still under investigation, and closing as usual with a variety of chem- 
ical details. 

In fulfilling this design, I deem it unnecessary, and indeed inex- 
pedient, to aim at fullness of detail, even to the extent attempted in 
my last year’s report, as from the advanced stage of our labours, the 
final report, comprehending all the results, with the requisite ac- 
companiment of numerous graphical illustrations, will soon be in 
progress of preparation for the public eye. Indeed were it not that 
an annual sketch of the progress of the survey is required by the 
enactment providing for its execution, I would feel myself author- 
ized to dispense with any further partial reports of this nature, 
and would prefer devoting the time and labour they demand, to 
the advancement of the researches remaining to be performed, and 
the preparation of materials for the final report. 

In view of these considerations, the board will, I have no doubt, 
unite with me in admitting the propriety of restricting my present 
report within comparatively narrow limits. 

I shall accordingly, therefore, proceed to give a brief sketch of 
the geology of the following districts: 

1. That portion of the marl region situated between the Poto- 
mac and Rappahannock rivers. 

2. The narrow belt occupied by the upper secondary sandstones 
and the marls extending along the eastern margin of the primary 
rocks from Petersburg to the Potomac. 

3. Parts of the northern primary district lying between the 
Blue Ridge and the belt just mentioned, and between the range of 
Albemarle, Fluvanna and Goochland counties and the Potomac, in- 
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cluding an important portion of the interrupted belt of the middle 
secondary formation. 

4, Portions of the great western coal field, including particularly 
a part of the Monongahela valley and the valley of the Ohio. 

In addition to these subjects of more specific illustration, I shall 
briefly describe the course of our explorations in the eastern por- 
tion of the primary district lying south of the James river, and in 
the wide region of our western coal field. 

As the various labours executed in the Appalachian region dur- 
ing the past season, bear immediate reference to sections, measure- 
ments, and minute tracings on the map, and from the complexity of 
structure and topography to which they relate, would not admit of 
being satisfactorily described without the aid of numerous drawings, 
I deem it expedient to omit any prolonged description of them at 
present, and shall, as regards this region, confine myself to the re- 
port of some chemical details of interest, relating to its rocks and 
ores. 


CHAPTER II. 


TERTIARY MARL REGION BETWEEN THE POTOMAC AND RAPPA- 
HANNOCK RIVERS. 


Srction I. 
Extent and Topographical Features. 


The portion of the state referred to under this head, embraces 
the counties of Lancaster, Northumberland, Richmond, Westmore- 
land and King George, together with the eastern part of Stafford 
county; thus including the district usually denominated the 
Northern Neck, and extending some distance beyond it to the 
west. 

This area forms the northern portion of the tertiary region of 
Virginia, presenting extensive deposits of each of the two subor- 
dinate divisions of the tertiary formation, described in former re- 
ports, as occupying the tide water districts of the state. The more 
recent of these subordinate formations, the Meiocene, or middle 
Tertiary, extends from near the bay shore, westward, over the larger 
portion of the peninsula; while the older, or Eocene deposit, with 
an occasional capping of the former, occupies the remaining area on 
the west. 

The precise boundaries of these formations will be hereafter de- 
scribed. 

Topographical Features.— The general aspect of the penin- 
sula, and more especially of the four eastern counties, is that of a 
nearly level plain, maintaining an average elevation of from sixty 
to seventy feet above the tide. This plain, gently furrowed by 
numerous ravines, subordinate to the creeks and inlets indenting 
the peninsula, frequently subsides to a lower level, in approaching 
the rivers on either side. The wide bench thus formed, sometimes 
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extends in a direction parallel to the river for a distance of several 
miles, presenting an unvarying uniformity of elevation, and reach- 
ing nearly to the water’s edge. <A third, and lower plain, frequent- 
ly intervenes between the river bank and the table land above de- 
scribed, but in many cases, this terraced configuration of the sur- 
face is not observed, and the high and precipitous cliffs which rise 
very near the water’s edge, retain the general level of the inland 
portion of the peninsula. Although the usual elevation of this dis- 
trict is such as above described, at several points a far higher level 
is attained. The ridge which forms the water-shed of the streams 
flowing into the Potomac and Rappahannock, approaching very 
near to the former, constitutes, in some places, the river bank. At 
these points it attains an unusual elevation, towering, as at Strat- 
Jord and Chantilly, toa height of about one hundred feet above the 
water’s edge, and affording, from its summit, an extensive and en- 
chanting view of the noble river which laves its base, of the culti- 
vated farms around, and of the cliffs on the opposite or Maryland 
side of the Potomac. At ’Sprise Hill, about four and a half miles 
from Smith’s Point, the ridge bends round to the south, and contin- 
ues for some distance in a direction across the peninsula, preserving 
an elevation of about sixty feet. Its declivity on the east forms an 
abrupt termination of the higher level of the neck, between which 
and the bay is an extensive flat, of from two to four miles in width, 
rarely rising beyond the height of ten feet above the level of 
the tide, and in some places so low, as to be occasionally over- 
flowed. 

The western portion of the peninsula, though still in the main 
presenting a similar uniformity of surface, is somewhat more ab- 
ruptly furrowed. This inequality increasing as we proceed further 
to the west, becomes quite conspicious at the Paspitansy hills, in 
King George and in the neighbouring parts of Stafford county, ad- 
jacent to the line of secondary sandstone, which forms the western 
limit of the Tertiary formation. The material forming the super- 
ficial strata in the lower portion of the peninsula, is usually a mix- 
ture of sand and clay, in a state of minute subdivision, and more or 
less tinged with the oxide of iron. Sometimes this is intermixed 
with small gravel, of a ferruginous appearance, but it rarely con- 
tains pebbles or bowlders of any notable dimensions. The diluvial 
matter assumes a coarser texture, as we proceed westward, pre- 
senting, when denuding forces have not removed the superficial 
beds, alternate strata of sand and pebbles, the latter varying from a 
half inch to several inches in diameter. In many places, these 
bowlders, derived in great part from the neighbouring beds of sand- 
stone, are strewed profusely over the surface, and, together with 
the superficial layers of white and siliceous sand, render the soils 
of the higher portions of this district comparatively unproductive, 
whi'e upon the lower levels, contiguous to the large rivers, or their 
tributaries, the beds of mar] and their a&sociated sands and clay 
mingling their fertilizing materials with the soil, have contribute 
to impart to it a far higher agricultural value. 


a= —_—_—eer = 


491 


Section II. 


Of the Limits of the Meiocene and Eocene Districts of the Penin- 
sula (of Northern Neck. d.). 


Bounded on the west by the secondary sandstone before re- 
ferred to, the Eocene formation extends eastward for some dis- 
tance down the neck, until at length, with avery gentle eastern 
dip, it disappears below the level of the tide. The most eastern 
points in which it continues visible, are here regarded as forming 
the boundary of the formation towards the east, and the district in- 
cluded between a line traced through these points, and its bound- 
ary to the west is, for convenience sake, designated as the Eocene 
district, although at some places within its confines, as in other 
parts of the marl region, beds of Meiocene occur overlying the 
Eocene. 

In tracing the boundary of the Eocene and Meiocene marls, as 
exposed in the neck, several localities, marking the eastern termina- 
tion of the former deposit, were carefully inspected in the antici- 
pation of discovering beds of Meiocene shells above them, or imme- 
diately beyond them to the east. It was found, however, that strata 
of clay, lying adjacent to the Eocene on this side, occupied an inter- 
val in which fossils of neither of these formations could be dis- 
tinctly found; and that still further on, the beds of the Meiocene 
came in view. This intervening tract, as seen upon Potomac and 
Rappahannock, is flat and low. Without, then, pretending to an 
exact delineation of the boundary in question, which, from the na- 
ture of the case, would be impracticable, it will be sufficient to con- 
sider it as coincident with a right line, connecting the mouth of 
Chingoteague creek on the Rappahannock, with Mathias’s Point 
upon the Potomac. 

A brief account of the character and situation of the strata, as 
observed at these two points, will serve to illustrate the propriety 
of fixing upon them as its termination. 

To the west of the mouth of Chingoteague creek, for a distance 
of more than half a mile, the north bank of the Rappahannock has 
an average height of about fifteen feet above the river. At its up- 
per end, the banks consist of a stratum of the green sand marl, ex- 
tending to the height of twelve feet above the water line, upon 
which reposes a layer of diluvial sand and clay, about three’ feet in 
thickness. In approaching the creek, the level of the mar] stratum 
is observed steadily to decline, while the thickness of the incumbent 
bed augments, until at a point within two hundred yards of the 
mouth of the creek, the former entirely disappears below the level 
of the river. At this point, the diluvial capping is about fourteen 
feet in thickness, consisting of a layer of sand and pebbles about 
seven feet thick, resting upon a stratum of whitish clay, which 
reaches to the water line. 

The Eocene character of these subjacent beds is unequivocally 
marked. At the base of the bank a dark greenish layer presents 
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itself, rising to the height of five or six feet, containing numerous 
impressions of the Eocene Carditas, and other shells, of a brownish 
colour. Over this is a layer of a lighter hue, containing bands of 
white calcareous matter, obviously the remains of shells. 

To the east of Chingoteague creek, the bank preserves its former 
height for about three fourths of a mile; after this it becomes 
much depressed, and continues to be low for some distance down 
the river. Here no trace of fossils of either the Eocene or Meiocene 
period could be discovered, the bank consisting exclusively of dilu- 
vial sand and gravel. But still further down the river, beds of the 
latter are observed, and these continue, at intervals, to near the ex- 
tremity of the peninsula. 

An equally marked termination of the Eocene is presented in 
the neighbourhood of Mathias’s Point, on the Potomac. At Wood- 
stock, about one third of a mile above the point, the cliffs rise to 
the height of from forty to fifty feet, exhibiting an exposure of the 
Eocene strata reaching to a distance of nearly twenty-five feet 
above the surface of the river. The lower bed, about eight or nine 
feet thick, is rich in the fossils characteristic of the Eocene; but the 
layer, incumbent on this, though filled with ferruginous impressions 
of shells, retains none of the shells in an unchanged condition. The 
bed of reddish clay which forms the upper portion of the bank, is 
separated from the strata just described, by a thin band of ferru- 
ginous gravel and sandstone, such as is frequently seen occupying a 
similar position on the Pamunkey, and in other localities. 

Above this place, on the adjacent estate called ‘ Borodino,” 
(the residence of Mr. Parke) the banks, after sinking to a level 
with the flats, again rise with some abruptness, to an elevation of 
from forty to sixty feet. The lower stratum of the marl, contain- 
ing shells in considerable number, is bere but little raised above the 
level of the water. A layer deeply tinged with green sand, and 
blotched with oxide of iron, rests on this to the height of from 
four to five feet. Another, but not fossiliferous bed, belonging to 
the same series, reposes upon the latter, but the piles of fallen 
earth, at present, preclude an accurate examination of its nature 
and extent. Still further westward, at ‘‘ Albion,” the estate of Mr. 
Mason, the fossiliferous Eocene strata vary from four to seven feet 
in height above the river, and are overlaid by heavy beds of whit- 
ish and mottled clay. Similar strata recur, at intervals, in ascend- 
ing the river, rising to greater elevations, and presenting a greater 
abundance and variety of fossils as we proceed. 

Below Woodstock, the banks gradually decline, and on the side 
of a little creek or gut between this and Mathias’s Point, the Eocene 
strata entirely disappear. To the east of this creek, and at the point, 
the banks rise to twenty or twenty-five feet, and consist of yellow- 
ish and reddish clays, containing no trace of the green sand or fossils 
of the Eocene. Still further down, the cliffs are replaced by a low 
and retiring shore, beyond which the beds of Meiocene marl first 
come in view. 

It is obvious from these details, that the eastern limit of the 


oS To OPPs 


——_ 


423 


Eocene is marked on both rivers by the occurrence of a region of 
like geological and topographical features, immediately east of it, 
and by great similarity in the arrangement and composition of the 
contiguous strata. As onthe James and Pamunkey rivers, as well 
as in the district of which we are now treating, the Eocene is 
skirted on the east by a level and comparatively low district, com- 
prising only beds of sand and clay, destitute of fossils, it would 
seem a probable conclusion that these barren strata mark the 
period of disturbance which terminated the epoch of the Eocene 
deposits, a period attended with such important changes in the con- 
dition of the neighbouring seas, as to destroy all, or nearly all, the 
species of shell fish then inhabiting them, and to adapt their waters 
to that multitude of new species which were brought to light in 
the succeeding epoch of the Meiocéne. 

Between the two points thus fixed upon as the extremities of 
the eastern boundary of the Eocene-in the neck, several intermedi- 
ate localities have been marked, but from the obscurity of the ex- 
posures, no very certain indication could be derived as to the pre- 
cise figure of the boundary line in the intervening space—there 
is little doubt, however, that it will be found to depart but ina 
very slight degree from the right line connecting the two points 
above described. 

The western boundary of the Eocene remains next to be de- 
scribed. In drawing the line of demarcation here, as in the former 
case, a few well-determined points are relied upon for fixing its 
general direction, and the intervening irregularities are not at- 
tempted to be laid down. Indeed, the absence of any satisfactory 
exposures of the strata, throughout a distance, sometimes of several 
miles, renders this the only method of proceeding at present prac- 
ticable. 

The guiding points in fixing the western liinits of the Eocene in 
the peninsula, are: 

1st. The mouth of the Massaponax river, in Spotsylvania county. 

2d. A point a little east of Gray’s mill, on Little Falls run, about 
half a mile above its mouth, and three miles southeast from Lreder- 
icksburg. in Stafford county. 

3d. The church on Potomac creek, a little above which the free- 
stone is largely exposed. 

4th. A point a little below Brook’s mill, on Accakeek creek. 

5th. A point on Acquia creek, about one mile below the mouth 
of Austin’s run. 

6th. The mouth of Still House branch, on Meadow branch, 
and a point on the Potomac about one mile above the mouth of the 
latter. 

An inflected line passing through these points, will present a 
close approach to the western boundary of the Eocene in this part 
of the state. At the same time, in certain local instances, the marl 
is observed in positions somewhat west of the margin thus deline- 
ated, existing either as an outlying patch in the midst of the ad- 
joining formation, as in the small tract lying a little southeast of 
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Stafford court-house, or as portions of a narrow tongue entering 
westward of the main boundary of the marl, as in the case of the 
Eocene deposits observed at Thrashly’s farm, and within a mile of 
Fredericksburg. 

On the west side of the mouth of Massaponax, the freestone, 
which constitutes so valuable and interesting a feature in the geology . 
of this district, terminates; and at a short distance below, Eocene 
strata come distinctly into view. Where the main road leading 
down the Rappahannock crosses the Massaponax, the greenish 
yellow bed, which frequently forms the highest stratum of the 
Eocene, may be plainly discerned in the hill side, its clayey tex- 
ture turning off the water, which makes its escape along its upper 
surface. : 

On Snow creek, on the edge of Spotsylvania county, and less 
than a mile to the east of Massaponax, several extensive exposures 
of the Eocene occur. Near the point at which the road before 
‘mentioned crosses the creek, a bank of from thirty to forty feet in 
height exhibits the following series: 

1st. A dark bluish green stratum, containing a little sulphate of 
lime, a considerable portion of green sand, and a great many shells, 
among which are Eocene Cardita, Cytherea and Turritella. 

2d. Stratum of greenish yellow, and somewhat micaceous clay, 
containing some sulphate of lime, and a little sulphate of iron, or 
copperas. 

3d. Stratum of a yellowish brown mixture of clay and sand, with 
ferruginous markings, indicating the former places of shells. This 
contains a small amount of sulphate of lime. 

4th. An upper bed of diluvial sand and gravel. 

On the same stream, nearer the river, and at the base of the first 
low grounds, another exposure occurs, which, from the peculiar 
condition of the fossils it contains, merits a description in this place. 
The strata are as follows: 

1st. A layer, consisting of common and green sand, the latter in 
remarkably large grains, and amounting to more than twenty per 
cent. of the whole. <A striking feature in this stratum is the im- 
mense nuinber of fossils, principally Cytherea ovata, and Turritella 
Mortoni, which it contains in the modified condition before de- 
scribed. ‘The shelly matter has almost entirely disappeared, and its 
place is now occupied by oxide of iron, of a deep brown colour, 
presenting the most perfect casts, both of the interior and exterior 
of the shells. This bed contains a notable proportion of green sand, 
a little Mica, and some sulphate of lime and of iron. Its thi¢kness 
is about eight feet. 

' 2d, A stratum of yellowish white sand, variegated with numer- 
ous bright yellow blotches, faintly representing the figures of the 
shells which they have replaced. These blotches are principally 
composed of oxide of iron. The chief material of this bed is com- 
mon siliceous sand, containing a few scattered granules of green 
sand. Its thickness is about twenty feet. 

3d. Diluvium, containing coarse gravel, and some large pebbles. 
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On the Accakeek, near Mr. Brook’s, the Eocene and Sandstone 
are seen at very contiguous points, both presenting exposures of 
considerable extent. The marl here consists chiefly of shells em- 
bedded in a dark olive brown clay, containing a portion of green 
sand. The shells are chiefly Cytherea lenticularis and Ostrea selle- 
formis, or the Saddle Oyster, with a few Venericardia ascia. <At 
Mrs. Rolls’s on Acquia creek, about two miles below the mouth of 
Austin’s run, the marl is finely exposed in an abrupt cliff. Here 
fine specimens of fossils, comprehending Turritella, Cytherea, Cras- 
satella and Ostrea may be procured. The material in which they 
are embedded, is a friable mixture of sand and clay, of a light yel- 
lowish brown colour, blended with green sand in granules of unusu- 
ally large size. 

In thus drawing an outline of what may be termed the western 
coast of the Eocene formation, as already remarked, the peculiar ir- 
regularities observed at several points in the actual boundary, will 
occasion considerable discrepancies between it and the line above 
described. 

Besides such flexures as may have originally existed in this line 
at the period of the deposition of the Eocene, great additional ir- 
regularities must have been produced by the destructive agencies 
which subsequently operated. The region in which the Sandstone 
and Eocene formations are brought together, is marked by the ef- 
fects of violent diluvial action. Coarse gravel, pebbles and bowlders 
bestrew the surface, and mingle to considerable depths with the 
sandy strata usually found upon the heights. Deep and precipitous 
ravines, connected with the valleys of the creeks leading into the 
Potomac, attest the energy and extent of the aqueous forces once 
operating over this region, while the confused mixture of materials, 
by which the usual upper stratum of the Eocene is often seen to be 
replaced, indicates the power of the denuding and transporting 
agencies to which that formation must at one time have been ex- 
posed. It is thus that many places within the general confines of 
the Eocene, bared of their former covering, now merely expose the’ 
underlying beds of freestone, while at other points, not immediately 
in the line of the violent action of the diluvial wave or current, the 
incumbent beds of marl remain in place. 

Moreover, there is reason to believe that the sandstone is spread 
out towards the east, below the Eocene strata, and that its depth 
alone conceals it generally from the view. Where, therefore, in 
consequence of some local irregularity of its surface, it was less 
deeply buried, we might naturally expect, even at some distance 
within the confines of the Eocene to see its upper_ stratum exposed 
to day. 

Seotron IIT. 


Arrangement and Composition of the Meiocene Strata of the 
Peninsula (of Northern Neck. d.). 


The strata composing the Meiocene in this portion of the state, 
are in general analogous in arrangement and materials, to those of 
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the same formation, in the peninsula of the James and York rivers, 
as described in my first report, and indeed preserve a close resem- 
blance to those of the region south of James river, systematically 
treated of in the report of last year. 

The two interesting general facts of the occurrence of the bluish 
marls low down in the series, and the presence of a thin band of 
ferruginous rock or clay on the top of the marl, and between it and 
the diluyial strata, are not less distinctly observable here than in 
the regions formerly referred to. Indeed, so uniform is this posi- 
tion of the band of iron rock, in regard to the beds of marl, that 
the discovery of this material, at any point, would furnish strong 
grounds for believing that the fossiliferous strata existed at some 
depth beneath. 

As another feature of correspondence between this and the dis- 
tricts previously described, I may mention the occurrence of the 
fragmentary marl along the eastern boundary of the Meiocene ter- 
race, where it subsides abruptly into the low flats immediately 
adjoining the bay shore. On the Curratoman river, and at other 
points along this escarpment, the rocky marl, consisting of water- 
worn fragments of shells, more or less firmly cemented together, is 
in all respects analogous to that described in previous reports, as 
forming the material of the edge of the Meiocene terrace between 
the Rappahannock and James rivers, and for some distance south- 
wards of the latter, so that we may regard this curious demarcation 
of one of our ancient coast lines as continuous from the Potomac 
river to near the Carolina border. 

In general, the blue mar] is observed to be the richest in fossils, 
and is hence found most available in agriculture. In many places, 
however, especially towards the eastern termination of the penin- 
sula, the shells occur in sand and clay of various shades of yellow 
and brown, in sufficient proportions to form highly valuable mars. 

In addition to the fragmentary rock, above referred to, consist- 
ing of broken shells, cemented by carbonate of lime, sometimes 
partially crystallized, the white, pulverulent and chalk marls, are 
found in extensive beds on Curratoman river and Carter’s creek, 
west of the termination of the higher level of the neck. 

In general, the upper beds of the Meiocene, in this district, are 
destitute of fossils, though full of their casts and impressions. 
These strata, consisting, for the most part, of light coloured sandy 
clays, frequently of great depth, are distinguished by a sulphureous 
smell, and an acid and somewhat styptic flavour. They rarely con- 
tain any considerable amount of carbonate of lime, presenting, in its 
stead, variable, and sometimes valuable proportions of the sulphate, 
together with sulphate of iron, sulphate of alumina, free sulphuric 
acid, sulphur, and sometimes even an appreciable quantity of sul- 
phate of magnesia. 

The acidity of these clays is often sufficient to make a pungent 
impression on the tongue, and their sulphur is distinctly recognized 
by the characteristic odour they exhale, especially when gently 
warmed, 
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In many localities, the Gypsum occurs in crystals of sufficient 
magnitude to be readily separated by the fingers, and sometimes 
even in the attractive form of transparent Selenite; but the more 
usual condition, is that of delicate silken crystals distributed through 
the mass, and visible only upon close and attentive inspection. 
The Sulphates of iron and Alumina, are occasionally observed in 
the form of an efflorescence, upon the surface of the strata, and the 
Gypsum likewise presents itself, under similar circumstances, as a 
white incrustation. 

Minute silvery scales of Mica are met with in nearly every stra- 
tum, but abound most in those of a bluish or greenish tinge. 

The fossil impressions contained in these beds are, in general, 
beautifully distinct, and appertain to all the species of shells which 
are found in perfect condition in the subjacent strata. In some 
cases the overlying band of iron stone is not less richly fraught 
with them than the layers beneath, and from its hardness and in- 
solubility, has preserved the most delicate markings of the shells in 
all their original sharpness. In many localities, the impressions of 
the fossils in the clay or sand, are beautifully bronzed by a thin 
film of oxide of iron, which has taken the place of the material of 
the shell; but in others a vacancy seems to exist in the space origi- 
nally occupied by the calcareous matter, so that the interior casts 
of the fossils, formed of the general substance of the bed, may 
often be extracted in great numbers in a perfect condition. 

In the blue marl, as well as other strata containing fossils, in 
the neck, there is often present a notable portion of green sand, and 
at some localities of the Meiocene, this material is found mingled 
pretty largely with common sand and clay, in strata in which no 
fossils can be found. Besides the overlying band of ferruginous 
rock before described, there occurs, in some places in the neck, 
another similar stratum, nearly on the top of the diluvium. This, 
of course, presents no marks of organic remains, and is generally 
but an aggregation of coarse gravel and sand, cemented by ferrugi- 
nous matter. 


Srotion IV. 


Description of some of the more Interesting Localities in the Meio- 
cene District of the Peninsula (of Northern Neck. Ed.). 


To give clearer conceptions of the arrangement and character of 
the strata, of which a general sketch has just been presented, a de- 
tailed account of them, as exhibited at several of the more impor- 
tant localities in the neck, will now be introduced. Details of this 
description, whilst they furnish the scientific enquirer at a distance, 
with that precise information, in regard to the geological structure 
of the region, which he is chiefly interested to obtain, are not unat- 
tended with advantages of a more practical kind, by affording to all 
who are directly interested in the resources of a district, an easy 
means of examining them for themselves. 
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STRATFORD AND CHANTILLY CLIFFS, 


These noted cliffs, situated in Westmoreland county, extend 
along the Potomac for several miles, on both sides of the mouth of 
Chantilly creek, rising, in some places, to an elevation of about one 
hundred feet, and in others subsiding to lower levels, or sinking, for 
a short space, into the ordinary river flats. At a point a little above 
the mouth of the creek, what are properly termed the Stratford 
cliffs, begin. Thence they continue up the Potomac, with but lit- 
tle interruption, for about four miles. For some distance from 
their lower termination, they present the following order of strata: 

1. At the base, and extending to the height of from fifty to sev- 
enty feet, a stratum of blue sandy clay, containing impressions of 
shells of several different kinds, among which the Pecten Madiso- 
nius, Venus mercenaria, Venus cortinaria, and Mactra modicella, 
are the most frequent. Upon the surface of this clay, especially 
where it projects from the general cliff, a copious efflorescence of 
sulphate of iron is usually found, imparting a greenish yellow col- 
our to the surface. At other more retiring parts of the cliff, a 
white and somewhat granular coating of sulphate of lime, is equally 
abundant, and small silken crystals of this substance are generally 
disseminated through the materials of the stratum. On the surface 
of this bed, delicate crystals of sulphate of magnesia may likewise be 
discerned. This stratum is overlaid by a band of indurated ferru- 
ginous clay, approaching to the hardness of rock, and filled with 
a material closely resembling pipe-ore. This is about two feet 
thick. Next above is a stratum consisting, alternately, of sand and 
ferruginous mottled clay, extending to a height of about forty feet; 
and lastly, is a layer of diluvial gravel, covered with a shallow soil. 

Further up the river the cliffs attain a greater elevation, being, 
’ in some places, about one hundred feet in height. Here the same 
strata occur, and in the same order as before. Proceeding still 
higher up the river, a band of shells makes its appearance upon the 
face of the cliff, at a height of about fifteen feet above the water. 
This rises, as we ascend the river, with a gentle inclination, until at 
- its northern extremity it is fifty or sixty feet above the beach. The 
width of this band is about five feet, and its length, though not 
without occasional interruptions, about one and a half miles. 

The material of this stratum is a bluish sandy elay, very similar 
to that before described, but containing no appreciable amount of 
the various sulphates observed to be present in the former. The 
shells are very numerous and perfect. Among them are vast 
numbers of the Perna maxillata of small size, as well as Turritella 
plebeia, Mactra modicella, &c., with an occasional Arca idonea, and 
other larger shells. Above this bed is a heavy stratum of clay, of 
a mottled appearance, and higher still, and distant about twenty 
feet from the former, a second fossiliferous layer of a lighter colour, 
and containing fewer shells. Among the various substances found 
in the strata of these cliffs, especially towards the lower extremity, 
are to be enumerated distinct and beautifully compact lignite and 
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fibrous carbonate of lime. The latter is found in the interstices of a 
yellowish clay, forming the stratum next beneath the diluvium, and 
is sometimes in sufficient quantity to render the clay quite calcareous. 

An average specimen of the blue marl, from the lower of the 
two strata just described, yielded, in the one hundred grains, forty- 
four and three-tenths grains of carbonate of lime; from the upper 
only twenty-one grains. 

The Chantilly cliffs, situated below the mouth of the creek of the 
same name, adjoining the ancient residence of Richard Henry Lee, 
and about two miles further down the river than those of Strat- 
ford, may be regarded as a continuation of the former, having the 
same average elevation, and being composed of very similar mate- 
rials. At this point, however, the fossiliferous stratum has much 
greater thickness, sometimes reaching from the water’s edge to a 
height of nearly twenty-five feet. A less proportion of the Perna 
is presented in this bed, which principally consists of Mactras, and 
other small bivalves, together with several species of Pectens. The 
beach is strewed with fragments of ferruginous sandstone, which 
have fallen from the upper portion of the cliff, where a band of this 
material overlies the shelly strata of the Meiocene. These masses 
exhibit the impressions of Pectens and other shells, beautifully 
clear and sharp. 

An interesting illustration of the fertilizing properties of some 
of the materials composing the Stratford and Chantilly cliffs, is 
deserving of mention in this place. Zones of vegetation, consisting 
of clover, together with scattered locust trees, may be observed at 
the proper season, extending to a great distance along the face of 
the cliffs, marking distinctly the limits of the marl or gypseous clay, 
and rarely encroaching upon the other strata. Even where the sur- 
face is almost vertical, this beautiful drapery is retained. 


BANK OF THE POTOMAC BELOW THE MOUTH OF LOWER MACHODOC RIVER, IN 
WESTMORELAND COUNTY. 


At Cole’s Point, situated on the south side of the mouth of the 
Lower Machodoc, commences a low bank, which is prolonged for 
about one and a half miles down the river, at a pretty uniform ele- 
vation of fourteen feet. A few paces below the point, the following 
strata occur: 

1. A layer two feet thick, consisting of a bright yellow mixture 
of sand and clay, abounding in shells of various kinds, among which 
are, Perna maxillata, Ostrea compressirostra, Venus mercenaria, V. 
cortinaria, V. paphia, Isocardia fraterna, Pecten Madisonius, P. Jef- 
fersonius, Pectunculus pulvinatus, Corbula inequale and Turritella 
variabilis. ar 

2. Next a layer six feet thick, composed of mottled ferruginous 
sand with a small admixture of clay, containing no shells, but abund- 
ant markings, as if shells had once been present in great numbers. 

8. A band of iron sandstone three inches thick; and 

4, A dark mould, extending to the top. 
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In proceeding down the Potomac, the yellow marl is seen gradu- 
ally rising higher in the bank. A stratum of blue marl lying beneath 
it next comes in view, and this continues along the base of the bank, 
extending some distance out upon the beach, until the shore sinks 
into a low sandy flat at Ragged Point. 

The Rappahannock cliffs in Richmond county, nearly opposite 
to Westmoreland courthouse, extend along the river for about four 
miles at an average elevation of from forty to sixty feet. Through- 
out this long range of strata, but little variety is presented. Beds 
of sandy clay, of various shades of yellow, brown and greenish blue, 
extend from the water’s edge to within a few feet of the top of the 
bank. In general, the first thirty feet consist of a dark greenish 
blue mixture of sand and clay, above which is a layer, six feet thick, 
of similar material, of a brown colour; next, a band, of twelve 
inches, of a ferruginous aspect, and over all a stratum of light col- 
oured flaky clay, coated with a yellowish and white incrustation of 
sulphate of lime. Fossils are rare in any of these beds, but multi- 
tudes of their casts and impressions may be found. These embrace 
a great variety of the smaller shells, some of them of species fre- 
quently met with. Spicule of gypsum are distributed in the body 
of the clay, and are particularly numerous upon the surface and in 
the hollow of the casts, which, in general, are painted over with the 
brown oxide of iron. In many places sulphate of iron and sulphate 
of alumina effloresce upon the surface, and sulphur is distinctly in- 
dicated. 

Irregular nodules of ferruginous clay are found embedded in the 
other materials, presenting the curious feature of a crystalline nu- 
cleus, consisting of pure Selenite. In some portions of the cliff, 
these crystals are of considerable size, arranged in their usual star- 
like form, and so abundant as to suggest the utility of employing 
these clays in the agriculture of the neighbouring parts of the neck. 
An average specimen, taken from a part of the cliff where similar 
material was quite abundant, afforded by analysis, in the one hun- 
dred grains, ten grains of sulphate of lime. 


BANKS OF THE RAPPAHANNOCK ABOVE THE MOUTH OF TILE CURRATOMAN RIVER, 
LANCASTER COUNTY. 


In proceeding down the river from the neighbourhood of Bel- 
mont, the residence of Dr. Jones, about eight miles above the mouth 
of Curratoman, the cliffs for some distance present heavy beds of 
clay and sand, overlaid by the ordinary diluvium, and resting upon 
a stratum of soft ferruginous sandstone, eraduating into a sandy 
clay, and sometimes a yellowish sand, mottled with ferruginous spots. 

Following these strata for a distance of one and a half miles, we 
meet with a rocky layer, consisting entirely of shells, converted into 
brown oxide of iron, situated at the base of the cliff. This contin- 
ues in the same direction for a distance of one and a quarter miles. 
The following is the order of the strata composing the bank at a 
point near its eastern termination: 
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1. Beneath the base of the cliff, as it is exposed, and as under- 
lying the beach sand, is a blue marl, containing numerous shells, and 
having a sensible amount of green sand. These shells are chiefly 
Perna, and different species of Venus, Natica, and Oliva. 

2. "Running along the base of the bank, the ferruginated, shelly 
rock above described, four feet in thickness, and containing the 
same fossils as the stratum beneath. 

3. Five feet of sand, with ferruginous blotches and streaks. 

4. Six feet of diluvium. 

Below this, and within a short distance of the Curratoman, marl 
beds occur below the level of the flats, consisting chiefly of a pecul- 
iar variety of the Ostrea Virginica, of which a similar deposit exists 
on the opposite side of the Rappahannock. It is distinguished by 
the length and depth of the channel of the hinge in the one valve, 
and the large angular pivot-like protuberance in the other, as well 
as by the general elongated form of the shell. 


BANK OF THE RAPPAHANNOCK FROM NEAR CHERRY POINT, LANCASTER COUNTY, 


At about one mile above Cherry Point, at Mr. Palmer's, the 
bank consists of the following strata: 

1. Forming the base of the cliff, and extending up about three 
feet is a blue clay marl, containing a great many shells. This layer 
reaches to some depth below, and extends out beneath the sand of 
the beach. 

2. A bed of chocolate coloured clay, embedding a vast number 
of the variety of Ostrea Virginica, brevtonsly described. This is 
three feet in thickness. 

3. A bed of partially decomposed Serpula, containing few other 
fossils, one foot thick. 

4, A layer of ferruginous sandstone, in bands alternating with 
thin seams of sand. Three feet thick. 

5. Ten feet of diluvium. 

The above strata, in the order just described, continue down the 
river for the distance of half a mile, appearing to dip gently towards 
the bay. The marl is then lost for about two and one half miles, 
after which it reappears, at intervals, as far down as Musquito Point. 
Here the country becomes a sandy flat, and so continues to the bay 
shore. In the interval of two and a half miles, where no marl is 
seen, the cliffs, which are from twenty to thirty feet in height, consist 
at the base of blue clay, containing impressions of shells; above this 
of ferruginous sandstone, or of ferruginous sandy clay; the whole 
covered with a bed of diluvium. 

Near the end of this line, a blackish, clayey substance rises into 
view from the base of the cliff, underlying the blue clay above 
mentioned. This gradually becomes more exposed upon the bank, 
until it attains the height of four feet, after which it slowly sinks, 
and is again lost. The marl now makes its appearance, consisting 


_ of a blue clay, with little sand, and multitudes of shells. This 


reaches along the bank for about four hundred yards, when it is 
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succeeded by a shell rock, in which the shelly fragments are almost 
completely replaced by brown oxide of iron. This continues to 
near the end of the bank, which now subsides into the flat, extend- 
ing from Musquito Point to Windmill Point, on the bay shore. 


LOCALITY ONE AND A HALF MILES EAST OF LANCASTER COURTHOUSE (MR. BENJA- 
MIN WALKER’S). 


This exposure, which is in a ravine on the ridge of the neck, 
presents the following strata: 

1. A bed of blue marl, containing great numbers of shells, many 
of which are of the larger species. The depth of this stratum is not 
known. , 

2. A similar stratum of a rather lighter colour, and containing 
chiefly the small shells. Three feet thick. 

3. A layer of ferruginous matter, abounding in the casts and im- 
pressions of shells. These casts are usually found in the interior of 
spheroidal nodules, or geodes of oxide of iron, and consist of this 
oxide replacing the shelly matter, and covered with a beautiful shin- 
ing covering of the carbonate or velvet iron ore. This bed is four 
feet thick, and reaches to the surface. 


LOCALITY FOUR MILES SOUTIIWEST FROM NORTIIUMBERLAND COURTHOUSE (MR. 
GEORGE BOOTH’S). 


This exposure is in a hollow, about twenty-five feet below the 
level of the ridge. The strata are: 

1. A layer of greenish blue marl, containing a notable amount 
of green sand, in spots and blotches, and sometimes almost unmixed 
with other materials. This stratum has been penetrated five or six 
feet, and is believed to extend to a much greater depth. The 
shells are in a state of remarkably perfect preservation, and pre- 
sent an unusual variety of species, belonging to the genera Venns, 
Pecten, Pectunculus, Mactra, Crassatella, Astarte, Ostrea, Corbula, 
Turritella, Oliva, Fissurella, and others. Their interior is filled 
chiefly with the green sand. 

2. A layer of ferruginous sandstone; and 

3. A stratum of diluvium. 


LOCALITY OF COCKLE-SHELL BRANCH, NORTHUMBERLAND COUNTY. 


Here the strata are: 

1. A bed of marl, consisting of common sand mixed with green 
sand, and containing a large number of shells. 

2. A layer of a bright green, indurated sandy clay, approaching 
to the hardness of rock, and containing innumerable impressions of ° 
Venericardia granulata, Pectunculus pulvinatus, and P. subovatus, 
and other shells of rare delicacy and beauty, but entirely devoid of 
the shells themselves. 

3. A bed of common sand, largely mixed with green sand. 

4, A layer of sandy clay, with markings resembling shells, 

5. Diluvium. 
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LOCALITY TWO AND A HALF MILES ABOVE THE MOUTH OF HULL'S CREEK, NORTH- 
UMBERLAND COUNTY. 


1. At the base of the steep bank of the creek, and within a few 
inches of the water’s edge, occurs a ledge of ferruginous rock con- 
taining an immense number of shells, closely cemented together, as 
well as the casts of similar fossils. These are chiefly Perna max. 
Venus and Pecten. This ledge is two feet thick. 

2. A stratum of yellowish sandy clay, of the same thickness, 
abounding in Perna max. in a very friable condition. 

3. A light blue marbled clay, ten feet. 

4. Coarse diluvium. 

The foregoing detailed account of various localities in the neck, 
will, itis hoped, give a correct idea of the generally prevailing 
order and fossil contents of the Meiocene strata in this district, and 
at the same time exemplify the principal varieties presented in 
them, as regards the nature of the earthy materials, including the 
shells, or their casts, as well as the conditions of the fossils them- 
selves. 

Of the numerous other localities which have been minutely ex- 
plored, embracing almost every exposure of the Meiocene in the 
peninsula, it is therefore needless to give any description in this 
place. 

In the extensive area of flats, already described as reaching from 
the foot of the ridge, of which ’Sprise Hill is the northern end, to 
the bay shore, beds of marl have hitherto been disclosed only at a 
few points. On the land of W. Tomlin, esq. near Kilmarnock, blue 
and yellow marls have been found in several places, a few feet be- 
neath the general level of the flat, and it is particularly worthy 
of remark, that the fossils furnished by these shallow diggings, are 
those usually found in the Meiocene of the neck, such as Ostrea 
compressirostra, Pectunculus pulvinatus, and P. subovatus, Mactra 
modicella, &c. thus indicating the prolongation of the Meiocene 
strata to the very extremity of the peninsula. 


SECTION V. 


Of the Fossils of the Meiocene Marl. 


The shells enclosed in these strata are usually in good preserva- 
tion, though generally so friable as readily to fall to pieces when 
spread upon the ground. They are commonly found in groups or 
colonies, and frequently, throughout an extensive exposure, only 
one or two species can be met with. This is strikingly the case 
with the beds containing Perna, of which a fine example is pre- 
sented in the Stratford cliffs, as formerly described. It is perhaps 
still more remarkable of certain strata of blue marl, found on the 
Potomac, at the point above named; upon the Rappahannock in 
several places, and at some localities in the interior. This marl 
presents a beautiful aggregation of very perfect small shells, (Mactra 
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modicella,) bound together by a rather tenacious blue clay, and 
rarely exhibits a specimen of any other species. The abundance 
of this fossil in the blue marl in corresponding parts of the Meio- 
cene tract towards the south, and especially on the south side of 
James river, has been particularly noticed in preceding reports. 

The shells most usually presented in the marl beds of the neck 
are as follows: 


Pecten Jeffersonius, scallop. Pectunculus subovatus. 
Pecten Madisonius. Pectunculus pulvinatus. 
Ostrea compressirostra, mar] Perna maxillata. 

oyster. Isocardia fraterna. 


Ostrea Virginica, marl oyster of Artemis acetabulum. 
small size and different shape. Arca idonea. 
Crassatella Marylandica, marl Area stillicidium. 


oyster. Arca centenaria. 
Crassatella melina. Arca incile. 
Mactra delambis. Venus mercenaria. 
Mactra confraga. Venus deformis. 
Mactra modicella. Venus cortinaria. 
Chama corticosa. Astarte undulata. 
Chama congregata. Astarte vicina. 
Venericardia granulata. Turritella alticosta. 
Fusus quadricostatus. Turritella plebeia. 
Fusus parilis. Serpula granifera. 
Fulgur carica. Crepidula costata. 
Turritella ter-striata. Buccinum lequeatum. 

Section VI. 


Arrangement and Composition of the Eocene Strata of the Pen- 
insula, 


But little uniformity prevails in the arrangement of these beds, 
as observed at different localities. In general, the lowest stratum 
of the series is of a dark greenish blue colour, and those which lie 
above it have various shades of yellow, greenish, grey and brown. 
In many instances, the upper stratum is devoid of shells, but replete 
with their casts and impressions. Frequently, it is more or less 
impregnated with sulphates of lime, iron and alumina, which im- 
part to it a styptic or astringent flavour, and with a small amount 
of sulphur, recognized by the odour it exhales when heated. All 
these ingredients, however, enter into the lower beds, though in 
less proportion, and are not excluded from strata containing shells. 
A thin band of ferruginous gravel, sometimes partially cemented, 
frequently overlies these beds, and forms the boundary between 
them and the Meiocene. We thus see a striking correspondence in 
the situation and condition of these and the upper Meiocene strata, 
and we infer that chemical agencies of a like nature have operated 
upon both. 
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Szotion VII. 


Localities on the Potomae. 


Extensive and valuable exposures of the Eocene are met with 

on this river. These strata first shew themselves a little above the 

‘mouth of Acquia creek, and continue, with but few considerable 

interruptions, as far as the eastern boundary of this deposit, at Ma- 
thias’s Point. 

Throughout much of this distance, a portion of the marl has the 
character of a hard rock, of a yellowish white or greenish grey ap- 
pearance, abounding in shells and their impressions. The lighter 
coloured variety is always more or less specked with green sand, in 
rather large granules, and the darker contains this substance in 
larger quantity, uniformly diffused throughout the mass. The ma- 
terial enclosing the fossils, or their casts, consists largely of carbon- 
ate of lime, acting apparently as a cement. This rock may there- 
fore be regarded as an EOCENE LIMESTONE. 

At a point about a quarter of a mile below the mouth of Acquia 
creek, the cliff, having a height of forty feet, exposes the following 
strata: 

1. From the water to the height of twelve feet, is a yellowish 
grey marl, specked with green sand, and abounding in shells, chiefly 
Cytherea ovata and Crassatella capricranium. 

2. A ledge of rock, three feet in thickness, closely resembling 
the mar] in colour and composition. 

3. A layer of sandy clay, of a sulphur colour, containing shells, 
principally Turritella Mortoni. This is five feet thick. 

4, A stratum of yellowish clay, enclosing impressions of Turri- 
tella, &c., and impregnated with the sulphates. This is twenty feet 
thick. About midway between the mouths of Acquia and Potomac 
ereeks, the bank has an elevation of about fourteen feet, and con- 
sists of: 

1. A layer of dark greenish blue marl, very remarkable for the 
multitude of shells, principally Crassatella, which it contains. This 
rises only one foot above the water. 

2. A bed of shell rock, resembling the stratum beneath, but very 
hard, one and a quarter feet thick. 

3. A layer of yellow sandy clay, containing Turritella Mortoni 
and other shells. This is at least seven feet in thickness, and is 
capped by a thin stratum of yellow clay. 

In proceeding downwards, the shell rock, dipping gently to the 
east, becomes lower in the bank, and at length disappears near the 
mouth of Potomac creek. The bluish marl continuing beneath, first 
passes out of view. 

The greenish blue marl again comes in view at the landing on the 
south side of Potomac creek, and still further down, at about half a 
mile below the mouth of Paspitansy creek, the bank of the Potomac 
presents: 

1. A stratum of this dark coloured marl, seven feet thick, con- 
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taining some green sand and numerous shells, chiefly Turritella 
Mortoni, Crassatella capricranium and Ostrea sinuosa. 

2. A bed of yellowish and reddish clay, thirteen feet thick. 

A little below this point, a ledge of the shell rock makes it ap- 
pearance in the bank, and continues, with but little interruption, 
down the river for several miles. 

At some points two of the ledges are seen: one near the water 
level, and one at a considerable height on the face of the bank. 
This rock is replete with fossils and their casts, and consists, in large 
part, of carbonate of lime. In the same bank the mar] is seen in 
the softer condition, and of both the yellowish and greenish blue 
‘varieties, overlaid by a stratum of the gypseous and acid clay. 
Among the interesting fossils here found, are two beautiful species 
of Cucullea. 

At the Eagle’s Nest and Mount Stuart, about three miles above 
Boyd’s Hole, the Eocene strata are well exposed for some distance 
along the river bank. 

At the former locality, the banks, which are from twenty to 
twenty-five feet in height, are composed of two strata: the lower, 
which is about twelve feet thick, consisting of dark bluish clay and 
sand, strongly imbued with copperas, and containing a little gypsum; 
and the upper, of coarse ferruginous sand and gravel. A few hun- 
dred yards below this point a thin layer, containing fossils, comes 
in view about midway between the top and bottom of the bank; 
and as we proceed down the river, this shelly stratum expands in 
thickness, its upper boundary continuing horizontal, while its lower 
limit approaches the level of the beach. At a point about four 
hundred yards below the beginning of this layer, the strata are as 
follows: 

1. Blue clay, one foot in thickness. 

2. Shelly stratum, seven feet thick, indurated in some places so 
as to form arock. This abounds in fossils, among which Carditas 
_ are most numerous. 

3. Blue clay, containing copperas, and shewing ferruginous 
stains. Three feet thick. 

4, Clay and sand, in part diluvial. Seventeen feet thick. 

For upwards of half a mile below this, the bank presents the 
same series, the marl occasionally, at base a stratum from four to 
seven feet thick, consisting of blue clay, sometimes fossiliferous, and 
sometimes without shells, covered by a bed of ferruginous sand and 
clay of varying thickness. 

At Boyd’s Hole, the shelly stratum is not seen, but further down, 
especially at Albion, and the other localities near Mathias’s Point, 
before described, it again makes its appearance in the cliffs, and fur- 
nishes marls of a very useful quality. 

On the Rappahannock, opposite Port Royal, at H. St. L. Car- 
ter’s, and other localities on and near this river, the Eocene occurs, 
under circumstances very similar to those which have been deseribed. 
In the interior of the peninsula, these strata are revealed in many 
places at the bottoms of the deep ravines, and in general consist of 


437 


the dark greenish blue stratum, containing shells, overlaid by a bed 
of the gypseous and copperas clays. Frequently, however, only 
this latter bed is exposed in these situations, and some digging 
becomes necessary to reach the layer containing shells. 

Towards the western limits of the Eocene, the shell rock very 
frequently presents itself, and together with the other strata of the 
formation, generally attains a greater height than in the localities 
further to the east. 


CHAPTER III. 


THE NARROW BELT EXTENDING ALONG THE EASTERN MARGIN OF 
THE PRIMARY FROM PETERSBURG TO THE POTOMAC RIVER. 


Section I. 
Of the Formation met with in this Belt. 


The tract here referred to, though in general narrow, and often 
but vaguely defined, claims a separate consideration, as well on ac- 
count of the interesting characters of the sandstone formation in- 
cluded within its limits, as by certain local peculiarities presented 
in the Tertiary strata by which, at various points, this formation is 
overspread. 

As mentioned in my report of last year, the primary rocks, in 
many places near their eastern boundary, are seen to be overlaid 
by a peculiar species of sandstone, in general characterized by con- 
taining a large proportion of white felspathic earth, whose imperfect 
cementing power imparts a soft texture and rather loose aggrega- 
tion to the mass, and in some instances, leaves it in the condition of 
a bed of slightly adhering sand or pebbles. Though extensively ex- 
posed at various places on the Potomac, Rappahannock, North 
Anna, South Anna, James and Appomattox rivers, and on many of 
the minor streams, and in inland situations, these strata exhibit 
only at a few localities the peculiar vegetable impressions they con- 
tain in a sufficiently preserved condition to be of value in decid- 
ing upon the geological epoch of their formation. For the most 
part, these relics of a former vegetation are in the condition of 
charcoal, or of Lignite, sometimes approaching closely to a bitumin- 
ous coal, and in these cases the markings are too vague to ad- 
mit of identifying the vegetable forms to which they belong. 

In some instances, however, very distinct impressions have been 
met with, unequivocal in character, and of such a nature as clearly 
to shew that the sandstones in question were deposited during a 
comparatively late period of the series of secondary formations, 
and are to be regarded as of more recent production than the vari- 
ous slates, shales, sandstones and conglomerates, described under 
the name of the middle secondary formation in my last year’s re- 
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port. They may, therefore, for the present, with great propriety, 
be designated as the upper secondary sandstones. 

As indicated in the section included in the report of last year, 
and as mentioned particularly in the body of the report itself, we 
find in many localities resting immediately upon this upper second- 
ary sandstone a succession of strata belonging to the Tertiary for- 
mation, consisting in some cases of the Eocene alone, and in others, 
including also superincumbent Meiocene. 

As might be supposed, these overlying Tertiary beds are almost 
entirely confined to the eastern margin of the region occupied by 
the upper secondary strata, where, in virtue of the easterly dip of 
the sandstone, its surface is sufficiently depressed to admit of the 
Tertiary resting above. In the few instances, as in the locality at 
Stafford courthouse, referred to under a former head, where the 
Tertiary is met with at some distances within the general margin 
of the sandstone, it occupies but a small surface and appears to be 
in shallow cavities, and marginal indentations of subjacent formation. 

The Tertiary beds thus met with adjoining the tract of sand- 
stones, though often replete with the casts and impressions of 
shells, scarcely ever retain any of the original shelly material; 
which in most cases, has evidently been removed by the dissolving 
agency of the free sulphuric acid with which the surrounding 
sands and clays here, as in many other parts of the Tertiary region, 
are found even at the present time to be strongly imbued. 

The peculiar feature of these Tertiary beds, in view of which I 
have proposed devoting to them a distinct consideration, consists in 
the occurrence of a very remarkable stratum varying from twelve to 
twenty-five feet in thickness, composed almost entirely of microsco- 
pic fossils between the beds containing the Eocene and those con- 
taining the Meiocene impressions. 

This stratum which will be more particularly described under a 
subsequent head, giving no indications to the naked eye, or even 
under an ordinary microscope of its real composition, was until re- 
cently regarded by me as nothing more than a clay of unusually fine 
texture, such as is not unfrequently met with in the group of Ter- 
tiary strata. Nor was its true nature unfolded until struck by its 
remarkable lightness and its almost exclusively siliceous composi- 
tion, and adverting to the recent discoveries of microscopic fossils 
in Lurope, I was led to inspect it through a powerful microscope, 
when I found it to be made up almost entirely of exquisitely minute 
and delicate organic remains. 

These curious relics, too minute to be described by the most 
penetrating eye, thus accumulated in compact form into a stratum 
of great thickness, belong to a class of objects, which of late 
years have excited much attention in Hurope, from having been 
found to constitute an important portion of the mass of extensive 
beds of earth and rock, and are in fact the shells and sheaths of 
various species of animalcule, analogous to those which are met 
with in countless numbers in the waters of pools and marshes and 
in the sea, and which are denominated Jnfusory Animals, 
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Until the recent researches of the celebrated Ehrenberg dis- 
elosed the important agency of these minute beings in the produc- 
tion of some of the mineral masses belonging to former geological 
eras, as observed in Hurope, no one had ever dreamed of finding 
whole strata of great thickness and extent, literally made up of 
these shells and other solid appendages; yet nothing is more cer- 
tainly established than that these remains form not only the princi- 
pal material of the light white earth which is known gradually to 
accumulate in peat-bogs and in other moist situations, of the Leaf 
Tripoli found in many parts of Germany in widely extended beds of 
many feet in thickness, of the Semi-Opal and other dense products 
met with in these beds, and of the common gun-flint found in lay- 
ers of nodules running through strata of chalk, but that they com- 
pose in the shape of calcareous, as well as siliceous shells, and es- 
pecially the former, nearly the whole substance of the vast strata of 
the chalk itself overspreading extensive districts of Hurope to a 
depth in many places of several hundred feet! 

In view of these interesting facts, the discovery of the Infusory 
stratum above referred to, as one of the members of our series of 
Tertiary deposits, cannot fail to be regarded as an important addi- 
tion to our knowledge of the Tertiary of the country, and has the 
greater interest at present, from being the first example.yet ob- 
served in the United States, of the occurrence of Infusorial remains 
in any but the most recent geological formations. 

The most extensive developments of this stratum hitherto met 
with, are presented in the hills in the immediate vicinity of Rich- 
mond, and on the north bank of the Rappahannock river, in the 
neighbourhood and for some distance east of the eastern boundar y 
of the Eocene on that river. The latter locality already alluded to, 
in connection with the geology of the Northern Neck, not lying 
within the tract of which I am now treating, does not properly 
claim to be described under the present head, and from having been 
visited long before the existence of Infusorial remains in our Ter- 
tiary was even suspected, will merit further and more minute ex- 
plorations. 

Confining my remarks, therefore, chiefly to the former locality, 
and reserving a particular account of the latter, and such others as 
may yet be described for the final report, I pr oceed to tr eat, in order, 
first of the Upper Secondary sandstones and conglomerates, and 
secondly, of the Infusorial stratum and its associated Tertiary beds, 
found resting upon the Upper Secondary in the neighbourhood of 
Richmond. 

Section II. 


Position and Extent of the Areas oceupied by Upper Secondar y 
Sandstones and Conglomerates. 
SKETCH OF THE BOUNDARIES OF THIS GROUP OF ROCKS, 


In attempting briefly to indicate the limits of the several areas 
occupied by these strata, J propose merely to give such an outline 
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as by reference to the state map, will suffice to convey a correct im- 
pression of their general position and extent, without pretending to 
follow the boundary lines in all the various flexures through which 
they have been traced, and which are only capable of satisfactory 
exhibition by suitable delineations on the map itself. 

The general direction of the tract in which these strata are 
developed, being marked by the eastern margin of the primary 
rocks, approaches closely to a meridian line passing through Peters- 
burg, Richmond and Fredericksburg, bending a little eastward as it 
extends from the Rappahannock to the Potomac river. In this re- 
spect, it is strikingly distinguished from the belt occupied by the 
middle secondary rock, which as described in my last year’s re- 
port pursues a general direction very nearly parallel to that of 
the Blue Ridge, and therefore nearly from northeast to southwest. 

The narrow tract, extending from the Potomac to the Appomat- 
tox near Petersburg, in which the upper secondary sandstones are 
found, is not occupied by these strata throughout its whole extent. 
For much of the distance between the Rappahannock and North 
Anna rivers they cease to be disclosed within the artificial cuttings 
that have been made in this region or on the banks of the streams. 
But north and south of this deficient district they are met with, 
amply exposed, and have been traced continuously over areas of 
very considerable extent. 

The more northern of these upper secondary tracts skirts the 
Potomac river from the upper extremity of the cliff at Mount Ver- 
non, which marks the northern termination of the formation, to a 
point a little above the mouth of Meadow branch. At various 
points throughout this distance, the sandstones shew themselves in - 
the river cliffs, extending in some cases to a considerable height 
above the beach. In the bank at Mount Vernon, that near White 
house, at Hight Point, Freestone Point, at the mouth of Quantico, 
as well as several intermediate places, they are well exposed, as 
shewn in the cliff at Freestone Point. Its thickness is between 60 
and 70 feet. 

Leaving the river bank at the point above indicated, the eastern 
margin of the tract crosses Meadow branch a little above the mouth 
of Still House branch, and bending around to a due south line, in- 
tersects Acquia creek, nearly half a mile below the mouth of Aus- 
tin’s run, and Accakeek creek at Brooke’s mill. Bending its course 
towards the west and crossing Potomac creek a little above the 
church, it pursues an irregular line coinciding with the western 
margin of the Eocene, before described, passing near Gray’s mill on 
Little Fall run, and extending in a southeasterly direction to a point 
on the Rappahannock, nearly opposite the mouth of Snow creek. 
On the southern side of the river it is resumed near the mouth of 
Massaponax, and thence continuing in a line a little east of the 
stream, crosses Long branch a short distance above its mouth, and 
then bending round towards the west, marks the southern termina- 
tion of the exposures of the upper secondary strata, thus far met 
with in this portion of the belt. 
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Proceeding now to the western boundary of this northern arca 
of the upper secondary, we find it extending from a point a little 
inland at Mount Vernon, in a direction nearly coinciding with that 
of the road marked on the map as passing through Colchester or 
Occoquan, in general, however, running somewhat nearer the river. 
Crossing Neabsco below the main road, it soon after bends west- 
wardly across the road, and continues west of it and nearly parallel 
until it approaches the Valley of Quantico at Dumfries. Here the 
floor of Primary is laid bare over a considerable space, owing to the 
local denudation which has formed the valley of the creek; and 
the boundary line is made to sweep around in a course towards the 
east; but soon turning again westwards, on the south side of Quan- 
tico, it continues in that direction for about two miles, when sud- 
denly turning to the south, it strikes across the Chopawamsic, and 
intersects Acquia creek near the mouth of Beaver dam; thence 
continuing a little west of south, it passes about a mile and a half 
west of Stafford courthouse, and then by a still more westwardly 
bend, strikes Potomac creek about a mile above Wallace’s mill ; 
from this point, it continues in a line east of south, crossing the 
Rappahannock about a mile west of Falmouth, thence curving west- 
wards, so as to intersect the turnpike leading to Orange courthouse, 
at a point about three miles from Fredericksburg, crossing Hazel 
run still further to the west, and then striking across to the Massa- 
ponax river, where it unites with the eastern boundary line previ- 
ously traced. 

The boundaries of the southern tract of the Upper Secondary 
strata are less distinctly marked than those of the area just de- 
scribed. For although extensive exposures of the rocks occur on 
the North Anna, Little, and South Anna rivers, and in numerous 
inland situations, the crumbling condition of the strata towards the 
margin, causes them so closely to resemble the loose sand and gravel 
which forms the usual covering of the Primary in this part of 
the state, as often to make it impossible to distinguish between 
them. 

Instead, therefore, of attempting a detailed description of the 
outline of this tract, I shall content myself with indicating its form 
and dimensions by reference to a few well ascertained points. Its 
southern margin, passing nearly an eastward direction, lies about 
half a mile southward of the road leading from Goddall’s across ° 
the heads of Stag and Falling creeks to Hanover courthouse. Where 
crossed by this road, the tract has a width embraced between a 
point a little west of Stag creek, and another point near Mr. Win- 
ston’s, about four miles west of Hanover courthouse, comprising a 
distance of about eight miles. North of this, where intersected by 
the South Anna river, it extends from a little above the mouth of 
Buck creek to within a short distance of the South Anna bridge, as 
laid down on the map. Still further north it expands eastwardly so 
as to occupy the bend of the North Anna, below the mouth of Lit- 
tle river; thence its eastern margin, prolonged in a due north direc- 
tion, passes between the river and Concord meeting house, Its 
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western margin crosses New Found river below the mouth of 
Beaver creek, strikes the road on which New Fork church is situ- 
ated, half a mile east of the church, whence, intersecting Little 
river below New Market bridge and North Anna, near the mouth 
of Long creek, it is indistinctly traceable to the neighbourhood of 
Chesterfield depot on the rail-road, north of which position, no un- 
equivocal exposures of the upper secondary strata have yet been met 
with, until we approach the southern extremity of the nortbern tract 
at the Massaponax river. . 

South of the tract above described, the upper secondary strata 
are not again met with until we reach the valley of Shockoe creek, 
near and within the city of Richmond, where they form thin and 
very variable beds of a coarse conglomerate and sandstone, in alter- 
nate layers, interposed between the primary rocks, occasionally ex- 
posed in the valley of the creek, and the Tertiary beds of which 
the adjacent hills are chiefly made up. Under the same characters, 
these strata shew themselves along the base of the river bank at 
Rocketts, and at various points below, to within a short distance of 
Deep Hole, at the eastern extremity of the island called Farra’s Isl- 
and, where the Eocene strata are met with at the water level. 

East of this, as was shewn in my last year’s report, no deposits 
lower or of older date than the Tertiary are met with on the James 
river. 

On the Appomattox, the upper secondary strata commencing at 
Bull Hill, a little below Broadway, where they are well exposed in 
the form of massive sandstones and conglomerates, and shewing 
themselves at Rocky Point, and for some distance along the river, 
above the mouth of Cobb’s creek, under the same characters, and 
in much greater thickness, are thence traceable, at intervals, up 
to Petersburg, presenting, however, less extensive exposures and a 
much looser aggregation. 

Of the characters of these strata, as presented at some of the in- 
teresting localities on and near the James and Appomattox rivers, I 
purpose treating under the next succeeding head. 

With the exception of the cliff at Rocky Point, the strata in ques- 
tion attain but little elevation above the water level, where observed 
either on the James or Appomattox rivers, and on this account, be- 
ing deeply covered by diluvial matter, are rarely and very imper- 
fectly exposed in situations remote from the river banks. Hence 
the extent to which they are spread out beneath the more superfi- 
cial materials, must remain matter of conjecture. 

In the two tracts referred to previously, they are generally met 
with at, or very near, the surface, and when exposed on the banks 
of rivers and streams, often exhibit an aggregate thickness exceed- 
ing fifty feet. 

Srotron IIT. 
Characters and Contents of the Upper Secondary Strata. 


These strata consist of sandstones, slates, shales, and conglom- 
erates, and as might be anticipated, display much variety as to col- 
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our, texture and solidity. Within the northern area, previously de- 
scribed, they are very generally characterized by containing a large 
proportion of felspathic earth, which, interposed between the sili- 
ceous grains forming nearly all the remaining material of the rock, 
imparts to it the open texture of a freestone, and renders it capa- 
ble of being easily wrought for architectural purposes. Indeed in 
many cases, this material, by its great predominance in the mass, 
interfering with the partial adhesion of the siliceous matter, so im- 
pairs the aggregation of the stratum, as to cause it quickly to crum- 
ble into a loose sand. 

In the composition of the variety here in view, the siliceous 
grains thus enclosed in the soft felspathic material, are of well 
rounded forms, and in the beds usually resorted to for building, of 
small and rather uniform size. But along with strata thus consti- 
tuted, layers and heavy beds of coarse conglomerates are not unfre- 
quently met with at the quarries and other exposures in the north- 
ern tract, and have been observed at some points in the neighbour- 
hood of the North and South Annarivers. In neither tract, how- 
ever, do they constitute a large part of the mass of the formation. 

The presence of these coarse materials in predominant propor- 
tion, appears to be confined tothe neighbourhood of the James and 
Appomattox rivers, where it is conspicuously displayed at nearly 
every exposure. 

The finer variety of the felspathic sandstone, where of uniform 
texture, free from specks of ferruginous matter and exempt from an 
excess of the felspathic earth, possesses many valuable qualities as 
a building material, combining sufficient strength for most archi- 
tectural purposes, a fair degree of durability under exposure to the 
weather, a pleasing light brownish grey colour, and a texture well 
adapted for the ordinary operations of the mason’s chisel, or even 
for ornamental sculpture. While in the capacity of sustaining great 
weights without being crushed, it is no doubt inferior to some 
other varieties of building rock employed in this country, it is well 
adapted by its other qualities for numerous applications, in which 
the incumbent load is not excessive, and where a wrought or orna- 
mental surface is required. These important advantages have been 
so well appreciated, as to have brought it into extensive use in the 
construction of the public edifices in Washington, and have in this 
way for a series of years given active employment to numerous 
quarries in the neighbourhood of Acquia creek, and on the Rappa- 
hannock river. Of these, the most extensive are the quarries of 
Messrs. Stone, Gallahorn, Towson, Beard, and Adie, situated near 
the head of Austin’s ran—those of Messrs. Wallace, Brooke, and Ed- 
winton, adjoining Acquia creek, and those of Messrs. Fitzhugh, and 
Taliaferro, on the Rappahannock river. 

At all these localities, the thickness of the strata exposed is very 
considerable, varying from 20 to 50, or more feet, and as might be 
expected, presenting among the different beds of rocks marked vari- 
eties in texture and composition. 

At the extensive quarry of I/r. @allahorn, the rock is for the 
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most part a nearly white sandstone, devoid of ferrnginous stains, 
presenting the appearance of a bed of agglutinated sand, without 
distinct layers, and lying nearly in a horizontal position, and pos- 
sessing a remarkably uniform texture, and being free from joints, it 
is readily loosened from the quarry by wedges in blocks of any re- 
quired size. <A few layers of coarse conglomerate are seen extend- 
ing through the mass. At the quarry of Messrs, Beard and Adie, 
the rock is a light coloured sandstone, but appears in distinct layers 
from 2 to 4 or more feet in thickness. Similar characters prevail 
at the other quarries on Austin’s run and Acquia creek. 

The quarries opened for the construction of the railroad bridge 
over Potomac creek, about half a mile above the church, present 
very extensive exposures of the sandstone. It is here seen on both 
sides of the creek, forming cliffs of from 60 to 70 feet in height, and 
bas been applied both in forming the piers and the abutments of the 
bridge, that used for the latter purpose being quite coarse, and de- 
rived from the upper layers. 

At the quarries of Wr. Francis Taliaferro, situated on the Rap- 
pahannock river, about half a mile above the mouth of Massaponax, 
the sandstone extends from 20 to 25 feet above the water. It is in 
general a compact, well cemented rock, varying from a nearly white 
to a light brownish grey colour. The latter tint is generally devel- 
oped after exposure to the air, and is obviously due to the decom- 
position of the embedded particles of iron pyrites present in the 
strata of this as well as other localities. 

It may be well to remark, that the ferruginous stains, so com- 
monly presenting themselves upon the weathered surfaces of the 
rocks of which I am treating, though injurious to the beauty of the 
stone, are not likely to impair its durability, unless the decomposing 
pyrites be present in very large amount, and in ordinary cases, the 
blemish may be readily corrected by the application of a coat of 
paint, 

Associated with the sandstones above described, there occur in 
the northern tract various strata of shale and slate and sandstone, 
presenting at certain localities a number of interesting vegetable 
impressions and other remains. Of these it is not my purpose to 
speak in detail at the present time. It will be sufficient to remark, 
that the characters of these remains are such as to throw important 
light upon the geological history of the strata with which they are 
associated, and will therefore entitle them to a detailed considera- 
tion, when I shall be called upon to illustrate the interesting scien- 
tific relations of the upper secondary rocks. I may also add that 
the lignite and charcoal derived from the decomposition of these 
vegetable substances, and so abundantly displayed in many locali- 
ties, though seemingly in favour of the existence of beds of coal in . 
this formation, have no essential connection with extensive deposits 
of this material, and that in view of the age and general character 
of these upper secondary rocks, as well as the extent to which 
they have been explored, there is no reason for believing that they 
contain any seam or bed of coal worthy of economical notice. 
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Adverting now to the strata.as presented in the southern tract, 
I would remark that while in many respects analogous to those 
above described, they display modifications of colour, texture and 
composition entitling them to a separate notice. Instead of the 
whitish, open-grained freestone, so predominant in the northern 
tract, we here meet with bluish grey sandstones, composed of fine 
particles of sand blended with impure felspathic clay and some 
scales of Mica, others of a similar texture but of a brownish tinge; 
coarser sandstones in which white felspathic earth and coarse sili- 
ceous grains are interspersed in these finer materials; brown and 
olive coloured slaty sandstones and argillaceous slates, together with 
other varieties bearing the same general character, and along with 
these at some localities beds of felspathic freestone similar to those 
of the northern tract. As a general rule, the rocks in question 
compared with those of the district to the north, are of a darker 
hue, contain more Mica, and are of a finer grain and softer texture. 
In most exposures they are seen in a crumbling state when acted on 
by the weather, and are in general possessed of little strength or 
durability. Localities, however, are not wanting capable of afford- 
ing .rock of a better quality; and to these resort has been had in 
the vicinity of Taylorsville and elsewhere, for the uses of the rail- 
road. 

Lignite and thin seams of impure bituminous coal are of frequent 
occurrence in these rocks, especially towards the southern extremity 
of the tract. In the bluish and brownish grey soft sandstones met 
with so generally in the neighbourhood of Taylorsville, on the North 
Anna and Little rivers, stems and other vegetable fragments are 
often found, presenting the condition either of bituminous coal or 
charcoal; thin layers of slaty lignite are not unfrequently exposed 
in the same rocks, and have led to the fallacious idea of the presence 
of important beds of coal in their vicinity. Towards the southern 
margin, the sandstones in many places are largely intermingled 
with dark coloured micaceous slates and bituminous shales, among 
which are found thin seams of an impure bituminous coal. Ex- 
posures of this kind occur at several places towards the western 
side of the tract, on Beach and Stag creeks, presenting the following 
appearances: 

On Beach creek, at Mr. Lowerre’s, a grey siliceous sandstone oc- 
curs, associated with much dark micaceous slate and black glazed 
bituminous shale, a coarse conglomeritic sandstone, and brownish 
soft shales, enclosing a very thin seam of bituminous coal. 

On the Poor house tract, situated on Stag creek, we find grey 
felspathic sandstone of fine grain and rather compact texture, asso- 
ciated with brownish and black bituminous shales. The latter, at 
the spot which has been explored for coal, contains two small lay- 
ers of that substance, rather irregularly disposed in the shale, the 
entire bed, shale and coal included, being about five feet in thick- 
ness. 

Further to the east the bituminous shales are rarely met with, 
the rocks consisting of coarse conglomeritic sandstone, reddish 
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brown micaceous shales, and loose grained felspathic sandstone, gen- 
erally stained with oxide of iron. At one or two points in this vi- 
cinity small patches of the Tertiary strata are met with in the form 
of a light greenish micaceous clay or loam, impregnated with 
sulphur and sulphates, and containing casts of univalve and bivalve 
shells, but without any remains of shelly matter. The dips of the 
strata above described as disclosed in the southwestern corner of 
the tract vary from northeast to southeast, and even to northwest, 
and are often as high as forty-five degrees, in this respect differing 
from the upper secondary strata in the more northern and eastern 
portions of the belt. It may, indeed, be observed as a general fact 
that the deviation from a horizontal position is greater in the south- 
ern than the northern tract, and that it is seen to increase as we 
proceed southwestwardly in the latter. 

The proximity of the district on Beach and Stag creeks, to the 
coal basin of the Deep Run and Springfield pits, south of Chicka- 
hominy river, and the general resemblance of its rocks to those of the 
coal measures, added to the fact of the actual discovery of coal in 
the localities just described, have led to the supposition that the true 
coal rocks are extended northwards of the Chickahominy, and will 
there also be found to include a valuable seam or seams of coal. 
Careful observations, however, have clearly shewn that the meas- 
ures of the basin south of the river, nowhere extend over to its 
northern bank, but are walled in by a barrier of primary rocks, 
which have been traced entirely around their northern termination, 
and that the tract between this and the southern margin of the 
upper secondary, traversed by the road leading to Ground Squirrel 
bridge on the South Anna, is entirely primary. 

There is, however, reason to believe that the rocks in the south- 
west corner of this upper secondary tract are more nearly allied in 
age to those of the true coal basins lying to the south, than the 
strata generally to which I have provisionally given the name of 
upper secondary, and that occupying somewhat an intermediate 
place in the series, they might be expected to present a more close 
resemblance to the coal measures both in character and contents 
than the other strata of either the north or south upper secondary 
tracts. 

As essentially connected with this subject, it is important to re- 
mark, that after much investigation as regards the true geological 
character of the coal basins of Henrico, Chesterfield, &c., I have 
become satisfied that instead of being older, they are of more recent 
production than the carboniferous strata of our great western coal 
region and most of the European coal measures, and that the era of 
their formation is not widely removed from that of our upper sec- 
ondary strata. Of the various data which have served to illustrate 
this very perplexing enquiry, it would be inappropriate to enter into 
an account in this place; suffice it to say, that notwithstanding 
the rareness of well preserved fossils in these coal fields, I have at 
length been enabled to procure such as are adapted to shed impor- 
tant light upon the interesting question above alluded to, and con- 
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nected with other considerations, to lead to conclusions at once curi- 
ous and satisfactory. 

Of the upper secondary strata, as exposed on the James and 
Appomattox rivers: ls 

As formerly remarked, the exposures of these beds in the dis- 
trict here referred to, are almost exclusively confined to the abrupt 
river banks, and to certain points adjoining the primary in the deep 
ravines below Richmond. Some observations upon the general com- 
_ position and character of these strata, along with a description of 
one or two interesting localities, will suffice to convey a just con- 
ception of their peculiarities, and will render further details unne- 
cessary. 

The loose aggregation and coarse materials of these beds, give 
them so great a resemblance to the common diluvium of sand and 
gravel, generally forming the surface strata in this part of the state 
as to render careful observation necessary in order to distinguish 
between them, and even the closest inspection, in some cases, will 
scarcely suffice for this purpose. This obscurity, however, does not 
apply to localities in which the Tertiary beds are seen resting upon 
them, asin such cases the subjacent position of the sandstone or 
conglomerate determines its true geological character, the diluvial 
sand or gravel having its place above the Tertiary. 

The difficulty of making this distinction is chiefly felt in relation . 
to some of the exposures on the rivers, where the Tertiary having 
been removed by denudation from above the upper secondary beds, 
has been replaced by the mass of diluvial sand and gravel, deposited 
upon the broken surface of the secondary, often no doubt with 
much intermixture of the materials of the two; but even in these 
cases a marked difference may be noticed in their composition, es- 
pecially in the fact of the comparatively large amount of white fel- 
spathic earth blended with the coarser matter of the upper second- 
ary. Indeed, at most localities, however large may be the pebbles 
embedded in some of the layers, the intervening matter will be 
found to possess the character of a soft felspathic sandstone, and 
some portions of the mass will display this character through- 
out. 

The pebbles thus embedded in the finer material of these beds, 
sometimes in layers of many feet in thickness, but oftener in narrow 
courses, are frequently of great size, measuring even as much as 
eight or ten inches in diameter. They are of very various origin ; 
some being from the primary region, and consisting of Quartz, 
Gneiss and primary slates, while others are from the formations 
further west, aid especially that lying on the valley side of the Blue 
Ridge, and which I have designated as the first of the series of rocks 
of our great Appalachian system. These fragments of formation L., 
remarkable for their bright white colour and their great magnitude, 
serve to distinguish the mass in which they occur from the overly- 
ing diluvium, in which nothing analogous has as yet been discovered. 
Forming, thus, part of what may be considered as ancient diluvium, 
belonging to the secondary era, they point to the extensive agency of 
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the currents by which the heterogeneous materials of these upper 
secondary strata were swept together. 

At Rocketts, immediately below Richmond, may be seen beds of 
the soft felspathic sandstone, with layers of coarse gravel and peb- 
bles lying near the base of the bank, and above these, beds of clay, 
sand and gravel, referrible to the common diluvium. Similar ap- 
pearances present themselves at various points lower down the 
river, and are well observed on the land opposite Farrar’s island. 
Here, adjoining the wood wharf, near Osborne’s ferry, the river 
bank rising abruptly, presents a good exposure of the soft felspathic 
sandstone and gravel for a height of about 24 feet. For some feet 
below the floor of the wharf, and as low down as the water level at 
medium height, the bank consists of brownish soft sandstone, en- 
closing a few pebbles. Above this is a nearly white felspathic sand, 
partially cemented, with a few layers of white pebbles; and still 
higher, a heavy bed of similar pebbles, packed in layers of the fel- 
spathic sand. Strata of a similar character, enclosing pebbles of 
huge dimensions, together with rounded masses of clay, occur at 
the ferry. 

In the vicinity of Petersburg, similar materials are exposed along 
the base, and for some height in the hill forming the northern bound- 
ary of the river bottom, and may be seen at the cuttings for the 
rail-road and other roads in that direction; a thin layer of Tertiary 
clay here separates them from the upper diluvium. Southeast of 
the Appomattox, the surface is a table land raised between 30 and 
40 feet above the water. This extends down the Appomattox to 
Bull Hill, which, commencing a little below Broadway, forms the - 
river bank, thence for some distance towards City Point. The 
strata lying beneath this plain are of the same character as those 
just described, and are doubtless the upper secondary sandstone 
overlaid to some extent by modern diluvium. East of this an upper 
level rises rather abruptly, marking the western margin of the 
great Tertiary plain, which thence extends eastwards towards the 
sea. 

The steep bank exposed along Bull Hill, discloses the felspathic 
sand and pebbles for some height, capped by ferruginous clay and 
sand, while on Bull Hill creek, which enters the river at the eastern 
extremity of the hill, we find sandstone and conglomerate of very 
firm texture in heavy beds, rising above the water from 12 to 15 
feet. Rock of a like description is also exposed in the bank a little 
above Broadway. 

Bat by far the most interesting exposure of these strata to be 
met with on the Appomattox, are those of Rock Point and its vi- 
cinity, on the west side of the river and below Cobb’s. An abrupt 
bank here shews itself about thirty feet in height, of which nearly 
the whole is well exposed, consisting of the felspathic sandstone and 
conglomerate in huge beds, lying nearly horizontally, and divided 
to a great depth by vertical joints. Most of this rock is thickly 
interspersed with pebbles from one to two inches in diameter, the 
intervening material consisting of felspathic sand, and the whole 
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being quite compact and hard. Numerous large masses that have 
tumbled from the cliff, and now lie at the water’s edge or in the 
water, strikingly attest the durability of this variety of rock. 

Other layers are crumbly and fall into sand. Huge pebbles lie 
embedded in the finer material, some of them not less than 12 inches 
in diameter, beautifully white and fine grained, and evidently de- 
rived from formation I, of the Appalachian rocks. 

The lower extremity of this cliff, and the banks of Bull Hill 
creek, terminate the exposures of the upper secondary on the Ap- 
pomattox. The plain between the Appomattox and the James 
river, towards the junction of the two, presents occasional expos- 
ures of the Tertiary, and beds of this formation begin to shew 
themselves as we trace the Appomattox shore towards City Point. 
We may therefore approximate to the common boundary of this and 
the secondary sandstones, by a line drawn from the mouth of Bull 
Hill creek to the neighbourhood of Deep Bottom on the James river. 


Sreotion LY. 


Infusorial Stratum and Associated Tertiary Beds in the Vicinity of 
Leichmond. 


Having adverted to the general character of what are called In- 
fusorial remains under a former head, I shall confine myself in what 
follows to a brief description of the more striking peculiarities of 
our Infusorial stratum, and thence proceed to a sketch of the ge- 
ology of the district in and adjoining Richmond, in which it has 
been my good fortune to find it developed. 

The material in question, composing a thick stratum lying be- 
tween beds of sand and clay, is more or less mingled with them, 
particularly in the vicinity of its bounding surfaces. But through- 
out most of its thickness, it presents a very fine texture, admitting 
of being bruised by the fingers into an almost impalpable powder, 
and singularly free from gritty particles. Its colour in the present 
specimens, is a very light grey or white, but the fragments into 
which it spontaneously divides at the exposed surface of the stratum, 
often present externally a slightly ochreous tinge. It is decidedly, 
though sometimes indistinctly laminated, the planes of the thin 
flakes or sheets being horizontal. When moistened, it displays con- 
siderable tenacity, and hence has hitherto been regarded as a fine 
clay or fuller’s earth. 

Of all its peculiarities, however, capable of being readily discov- 
ered, its great lightness is the most extraordivary and characteris- 
tic. When quite free from moisture, a pure specimen has a specific 
gravity of only 0.334, that is to say, only one third the weight of 
water, bulk for bulk. 

In adverting to the curious and astonishing fact of its being 
composed almost entirely of the shells and other appendages of for- 
mer races of animalculs, it was also mentioned that unlike the mi- 
croscopic remains composing the chief mass of chalk or the larger 
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fossils of our marl beds, these minute relics consist entirely of s¢i- 
ceous instead of calcareous matter. For this reason it is, that the 
Leaf Tripoli, or Polir Scheifer of Bohemia, as well as other analogous 
Infusorial products, have so long been found valuable in giving a 
polish to metallic surfaces. Our Infusorial matter, when properly 
selected, is capable of being employed for this purpose with no less 
advantage, and from the trials I have made, I feel assured that when 
exempt from grit, it may be very usefully substituted for the finer 
varieties of the Tripoli or rotten stone of the shops. 

Of the forms of these microscopic remains no just conception 
can be conveyed to the general reader without the aid of drawings 
representing them in a greatly enlarged scale. I may however re- 
mark, that while these forms are very numerous, and refer them- 
selves to many distinct species of minerals, they may in a popular 
way be described as for the most part referrible to two classes. 

One of these is an oblong cylinder, rounded or knobbed at the 
extremities, and containing within a multitude of rings arranged 
parallel to each other, from end to end, and forming, as it were, the 
internal skeleton of the animal. The other is a round disc, more 
or less convex, and sometimes nearly spherical, often perforated 
through the centre, and presenting over its surface an exquisite net 
work of inconceivably minute belts. 

Of the minuteness of these objects, some idea may be formed 
from the following statements: 

The cylindrical bodies of the medium size are from z1;th to 
xigth of an inch in length, and from 434,5th to 7; 9th in width, 
but many fall greatly short of these dimensions. 

The rings, which are found separate in great numbers, are usu- 
ally from the 745th to the 5;4,,th of an inch in diameter. 

The circular discs and convex bodies, reticulated with cells, vary 
from zt,>th to ,i,th in diameter. In each of these are hundreds, and 
even thousands of beautifully wrought cells. The predominance of 
these flattened forms appears to be the cause of the laminated tex- 
ture already mentioned as exhibited by the Infusorial earth. It is 
obvious from these facts, that the number of such fossils comprised 
in each cubic inch of the material, can only be reckoned in millions 
or hundreds of millions, and that a bushel measure would contain 
a number of these skeletons and shells of former races of animalcu- 
lee, far exceeding the entire population of the globe. Of the impor- 
tant geological agencies of the living races to which these remains - 
belonged, we need no more striking illustration than will be fur- 
nished in the following sketch of the extent and relations of the In- 
fusorial stratum. And I may add that while, as formerly remarked, 
this stratum at Richmond and on the Rappahannock, furnishes the 
only instance in which these remains have been found in the United 
States, forming portions of any formations but those of the present 
epoch, its thickness and the extent over which it is spread out, en- 
title it to rank with the most interesting beds of siliceous Infusorial 
remains yet discovered in Hurope. 

The valley of Shockoe creek, lying between Shockoe hill and 


451 


Church hill, affords numerous favourable opportunities of observing 
the position of the Infusorial bed, and the strata with which it is 
associated by explorations along the sides of the bounding hills 
and the deep ravines by which, in many places, they are abruptly 
trenched. 

The middle of this valley is occupied by coarse gravel, rarely 
discovering any materials 77 situ. Beside the stream, a little to the 
left of the crossing of Shockoe hill Main street, as continued over 
towards Ohurch hill, a patch of primary is displayed, consisting of 
Gneiss containing some Hornblende, and intersected by several 
veins of Felspar. 

At the base of Shockoe hill, a short distance up the principal 
ravines, the felspathic sandstones and conglomerates may be seen, 
forming the channels of the little rivulets flowing in these hollows, 
and rising, when best exposed, to a height of about five feet above 
the bottom of the ravine. Of course, near the outlet of the hol- 
low, the heavy diluvium from the upper part of the hill conceals or 
replaces every thing else, and neither the felspathic sandstone nor 
overlying beds, can be seen, until we enter some depth into the 
ravine. We may thence trace it upwards, until, in consequence of 
the slope of the surface, we reach a higher level than the upper 
limit of this rock, when it disappears from view. This stratum con- 
sists of the felspathic sand in irregular layers, loosely cementing 
pebbles of various dimensions from 1 to 4 or 5 inches, some of 
which belong to formation I. An analogous material is still more 
extensively exposed in the mill race at the mill, higher up the 
creek, and composes the low knoll on which the mill is placed. 
Here we find the felspathic sandstone in general much stained 
with ferruginous matter, overlaid by a bed of very coarse con- 
glomerate of an ochreous stain and unusual hardness. Similar 
sandtsones and conglomerates are displayed at various points along 
the margin of the stream, for a thickness of several feet above 
its surface. 

Resting upon this sandstone and conglomerate, we meet with 
beds of sand and sandy clay of a dark greenish and lead colour, and 
of a light grey, mottled with yellow, containing Sharks’ teeth and 
Eocene Oarditas, Turritellas, Crassatellas, &c., in the form of casts, 
together with vague vegetable remains in a carbonized condition. 
The contact of these Eocene strata with the underlying sandstone, 
is well displayed at the following points: 

1st. The ravine adjoining Shockoe hill Main street, where the 
culvert opens. 

2d. That heading immediately in the rear of the Monumental 
church. 

3d. That between Col. Ambler’s hill and French Garden, by far 
the most prolonged of the ravines on this side of the valley. 

4th. That next above French Garden and between it and the 
Poor house. Above the point last named, the sandstone is buried 
out of view, and the lowest stratum seen belongs to the Eocene. 

Above these Eocene beds occurs the enormous deposit of Micro- 
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scopic remains, which I have called the /nfusorial stratum, having 
the bright grey or nearly white tint, and the astonishing lightness 
before described. 

This stratum shews itself at nearly the same level on the hill 
sides, and in the ravines on both sides of the valley of Shockoe creek, 
and may be traced on the Shockoe hill side of the valley, without 
interruption, as far as the crossing of the Hanover road towards 
the head of the valley and near Turner’s mill. From a point on 
the slope of Church hill, a little beyond Butchertown, commanding 
a view of the hills and ravines from the Poor house down, it is easy 
to trace the broad belt of this deposite by its surface being com- 
paratively deprived of herbage, and presenting a white and barren 
aspect. 

The thickness of the stratum varies at different points from 12 
to 25 feet, the most striking exposures being those met with in the 
ravine behind the Monumental church, and that between Col. Am- 
bler’s and French Garden. 

The same, or a very similar order is observed, in the exposures 
visible on the opposite side of the valley along the slope of Church 
hill. At the bottom of the ravines, which are here comparatively 
shallow, we see the upper portions of the Eocene, and over this the 
Infusory stratum, shewing itself plainly and of great thickness, at 
the following points: 

1st. Just back of Butchertown, on the two roads that extend up 
the bill. 

2d. At the foot of the abrupt bare bank which has been cut into 
north of the Main street, on Church hill, and thence south nearly 
to the next street. 

Indeed, along the slope of Church hill, as on the other side of 
the valley, this stratum may be found in all the ravines and cuttings 
at the proper level. 

Above the Infusorial stratum are lead-coloured and ochreous 
sands and clays, sometimes nearly resembling it in colour, but read- 
ily distinguished by their greater heaviness. These, which belong 
to the Meiocene division of the Tertiary, are remarkable for con- 
taining, near and for some distance above the Infusorial stratum, 
numerous vegetable markings of a vague description, as well as 
many well defined impressions of leaves and stems; and towards 
the top, impressions of Scallop shells (Pecten) and other Meiocene 
fossils. Among the numerous points at which these strata are ex- 
posed, the following may be mentioned as interesting and easy of 
access: 

Ist. On Governor street, as you descend Main street, where the 
impressions of shells are very numerous. 

2d. The steep bank opposite the Synagogue. Here the clays 
near the base, abound in vegetable impressions, among which are 
admirably defined leaves. Towards the top, the more sandy ma- 
terial contains impressions of Pectens. 

3d. On Church hill, back of Mr. Van-Lew’s garden, and the bare — 
bank exposed along the valley side of the hill behind Ar. Greaner’s 
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dwelling. The base of this bank is on a level with the top of the 
Infusorial bed. 

The minute details which have now been presented in relation 
to the Infusorial bed and its associates, though unimportant to the 
general reader, are here given, that those residing near may be en- 
abled to gratify their curiosity by observing for themselves the ex- 
tent and relations of this curious deposit. I will now conclude the 
subject with the following: 


SECTION OF THE STRATA DISCLOSED IN THE PRINCIPAL RAVINE ON THE WEST 
SIDE OF THE VALLEY OF SHOCKOE CREEK, 


1st. Felspathic sandstone, upper secondary,........... 4 feet. 
2d. Dark olive and bluish stratum, tenaceous while 

moist, but becoming mealy and of a greyish tint when dry, 

and in that condition shewing an efflorescence of gypsum 

upon the surface. Impressions of Cardita, &«.—Eocrnr,. 4 “ 
3d. Lighter coloured bed, with yellowish blotches, and 

streaks very friable even when moist, being more sandy 

than the preceding. A few impressions.—EocENE,....... Sey 
4th. Brownish black, containing a few prints of fossils 

and a large amount of carbonized vegetable matter, to 


which the colour of the stratum is owing,............... Dade 
5th. Lead coloured heavy clay, with a greenish tinge,.. 38 ‘ 
MME AT TEA TUM ooo occ won oueeli tnt wens < ous,0 pea 
7th. Greenish brown and lead coloured clays, with ve- 

getable impressions.—MEIOCENE,...........-2.-.ee000-- ig 


8th. More sandy stratum of mottled grey and yellowish 
brown, vegetable impressions and prints of Pectens.— 
a a Thon 

Above the last named bed are others belonging also to the Meio- 
cene, but they are too imperfectly exposed for accurate obser- 
vation. On top of these, and forming the highest of the deposits 
in this vicinity, are the beds of diluvium, composed of sand and 
gravel, 


CHAPTER IV. 


NORTHERN DISTRICT BETWEEN THE BLUE RIDGE AND HEAD OF 
TIDE. 


Srotion I. 
Plan of Exploration—General Geology. 


A general examination having been made of a large portion of 
this region in former seasons, as indicated in my last and some of 
the preceding reports, our operations were directed almost exclu- 
sively to the investigation of detailed sections, and to the minute 
tracitig of the several forniations and more important bands of 
rock met with in the district, with a view to their delineation on 
the map, associating with these labours the careful exploration of 
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all localities where materials of economical or of curious interest 
might be found, as well as the collection of ample suites of speci- | 
mens for geological illustration and chemical analysis. In the exe- 
cution of these objects, our progress, though in some degree arrest- 
ed by the lamented event referred to in the beginning of this re- 
port, has been sufficiently great to enable me in conformity with 
the plan adopted last year, to present a systematic, though brief ac- 
count of the more interesting features of the district. In doing 
this, however, I wish it to be borne in mind, that in many parts of 
the district our researches are far from having been completed ; and 
that consequently, in the descriptive sketch now about to be pre- 
sented, important areas as well as interesting individual localities, 
will require to be omitted, while at the same time the illustrations, 
so far as attempted, will aim at as much accuracy as can be at- 
tained in the compendious form to which they are limited, and 
without the accompaniments of a map and sections. 

Entering upon our researches with a view to minute detail, the 
following principal sections were proposed for examination at the 
opening of the season, being designed as the frame work for inter- 
vening observations : 

Ist. Along James river from Columbia to Richmond, connect- 
ing at the former point with a section constructed the preceding 
year, thence to the Blue Ridge. 

2d. From Swift Run Gap by Stanardsville, Barboursville and 
Louisa courthouse to Hanover courthouse. 

3d. From Thornton's Gap by Fairfax, (Culpeper courthouse,) 
Stevensburg, Germanna Ford to Fredericksburg. 

4th. From Ashby’s Gap by Paris, Aldie, Fairfax courthouse to 
Alexandria. 

5th. From Chester Gap through Warrenton to Dumfries. 

6th. Along or near the Potomac river from Harper's Ferry to 
Georgetown. 

Of these principal sections, two have been entirely, and one 
nearly completed, and each of the others more or less advanced, at 
the same time that numerous shorter intervening sections have 
been explored either partially or to completion, and a satisfactory 
progress made in the longitudinal tracing of the more important 
belts of rock. 

In these investigations, as usual, particular attention has been 
directed to such deposites as are or promise to be of economical 
value, and in this view, the various patches or interrupted ranges of 
limestone, as well as the iron ores, slates and building rocks gener- 
ally met with in the tracts observed, have been carefully examined. 

After what has already been stated, it is scarcely necessary to 
repeat, that although in portions of the district under consideration 
our enquiries have been quite as extensive and minute as could be 
desired, much additional observation is demanded for the comple- 
tion of the sections yet in an unfinished state, as well as for bring- 
ing to a close the various local researches thus far omitted, or but 
in part accomplished. These will, it is hoped, form a portion of 
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the duties of the coming season, when as I have previously stated, 
it may be confidently expected that our field labours in this as in 
other parts of the state will be brought to a satisfactory conclu- 
sion. 

The general geological features of the region now in view are 
closely correspondent to those of the district south of the James 
river, of part of which a somewhat detailed account was presented 
in the report of last year, and I may, therefore, refer to the descrip- 
tions then given in connection with the glossary to be appended to 
the present report, for a full explanation of the composition and 
more striking characters of the rocks and minerals of which I am 
about to present a few brief details. 

Throughout the greater part of this region, the rocks are of Pri- 
MARY and Meramorpuio characters, consisting chiefly of Gneiss, 
Mica slate, Talcose slate, Epidotic rock, Hornblende slate, Argilla- 
ceous slate, Quartz rock, Quartz slate or Quartzite, and Pseudo 
Gneiss or Gneissoid sandstone, with occasional beds of Granite and 
Sienite. With these are associated numerous beds and dykes of 
Trap, and over a large space towards the centre of the district, are 
spread ont the nearly horizontal strata of sandstones, shales and 
conglomerates, corresponding to the belt referred to in my last 
year’s report under the name of the MippLz Seconpary Formation. 
Towards the eastern margin of the region occur the felspathic sand- 
stones and associated beds of the upper secondary strata, and the 
interesting formations of the Deep Run and Tuckahoe coal basins, 
of the former of which some account has already been given in the 
present report. 

In the following brief illustrations of the geology of this region, 
I shall treat, 

First, of the pr imary and metamorphic rocks, including the 
beds of limestone associated with them at various points; and, 
secondly, of the middle secondary tract. 


Srotion II. 


Of the Primary and Metamorphic Rocks, ineluding the Beds of 
Limestone associated with them at Various Points. 


Referring, as already mentioned, to my last year’s report, and 
the glossary appended to the present, for an account of the compo- 
sition of the several classes of rocks of which I am about to speak, 
I propose treating of them in the order of their relative extent, and 
will therefore begin with 

Gneiss.—Rocks of this description occupy a large portion of the 
district. Besides being met with in intermediate lines, they are 
largely developed in two extensive tracts, one of which stretches in 
the form of a belt from the eastern flank of the Blue Ridge to the 
neighbourhood of the Southwest mountain in Albemarle county, 
gradually contracting in width in its prolongation towards the north- 
east, and finally near the Potomac, compressed between the eastern 
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flank of Short hill and a line some distance west of the Kittoctin 
mountain, the other forming an irregular triangular area, having its 
apex a little west of Fredericksburg, its eastern side in a nearly 
meridianal direction, coinciding with the eastern limit of the pri- 
mary rocks along the head of tide, and its western side parallel to 
the general course of the Southw est mountain, and terminating a 
few miles west of Columbia. 

The Gneiss of the westernmost of these tracts is in general of a 
darker colour and coarser texture than that of the other, especially 
towards the eastern margin of the latter. It also presents much 
greater variety in its composition. In most localities, with com- 
paratively little Mica, it contains more or less Tale, occasionally 
Chlorite, and in a great number of cases, Hornblende and iron 
Pyrites, the latter aiding its disintegration, and along with the Horn- 
blende, imparting more or less of a reddish tint to the soil into which 
it is resolved. Near the eastern base of the Blue Ridge, as for ex- 
ample in approaching Swift run, Thornton’s or Ashby’s gaps, a va- 
riety is met with, sometimes extensively exposed, containing a blu- 
ish somewhat milky Quartz, and in the same tract, belts or ranges 
of Granite or Granitic Gneiss occur, into which the adjoining rocks 
seem insensibly to graduate. In this belt also occur bands of Mi- 
caceous and Talcose slates, sometimes of such breadth as greatly to 
encroach upon the area of the Gneiss, but in general occupying only 
a small part of its entire width. 

These, as might be expected, are not very distinctly defined, but 
pass into the Gneiss by imperceptible degrees. With a very few 
local exceptions, the Gneiss and associated slates of the belt in ques- 
tion have a strike nearly to NE. and a steep dip towards SE. 

The Gneiss rocks of the eastern tract likewise display several 
varieties. Along the eastern margin, and for some miles westward, 
the variety chiefly met with is a grey rock, consisting of Quartz, 
Felspar, and black Mica, with occasional spangles of white Mica, 
and scattered grains of Hornblende. It is of an even texture, read- 
ily separating in large slabs and blocks, suited for columns and 
other purposes. Being easily wrought to a smooth surface, and to 
any required shape, and possessing, when properly selected, as great 
durability and strength as is necessary, it is deservedly looked upon 
as a material of great value in architecture. Of this variety, innu- 
merable exposures are presented on both sides of the James river 
in and above Richmond, and on the Appomattox in and above 
Petersburg, and a similar rock, though in much less extent, is seen 
on the Rappahannock above Fredericksburg. 

Along the James river canal above Richmond, it is displayed al- 
most without interruption for a distance of many miles, presenting 
various modifications of texture and composition, but in the main 
preserving the general characters above described. Though subdi- 
vided by joints cleaving the strata to great depths in planes of great 
steepness, and of which the principal one dips towards the south- 
east, the bedding or stratification of the rock is not im general 
steeply inclined, but undulating and with a prevailing dip towards 
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the same point. A similar remark is applicable to the Gneiss on 
and near the Appomattox in the vicinity of Petersburg, as may 
readily be verified by reference to the exposures near the mills 
within the town, and on the opposite side of the river, as well as 
the quarries near and above Lattersea. 

An intimate blending of the Quartz and Felspar, and a large pre- 
dominance*of the former, are important characteristics of the most 
valuable beds of this rock, and should be borne in mind where a 
selection is to be made for architectural purposes. In some of the 
layers, the Felspar is met with in great excess, imparting to the 
stone a tendency to crumble by exposure, in consequence of the 
conversion of this ingredient into a white powder, (Porcelain earth,) 
and the loosening of the grains of Quartz. To distinguish between 
the Felspar and Quartz, it will be recollected that while the former 
is of a dull white or pinkish hue, and opaque, the latter is trans- 
parent; and that while the former, after some exposure, presents 
more or less of a mealy surface, the latter retains its clearness and 
lustre unchanged. 

At various localities both on the James and Appomattox rivers, 
extensive beds of this Gneiss occur, of so fine and even a grain, as to 
admit of delicate sculpture, and of being wrought down to a smooth 
and almost polished surface. The pleasing light grey tint, and 
the undoubted strength and durability of this variety, give it a very 
high value as applied to the construction of steps, sills) monuments, 
and ornamental as well as substantial masonry in general. I need 
searcely add, that the exposures above referred to, present numer- 
ous very favourable positions for quarrying and for transporting the 
stone to the neighbouring cities, or to the seaboard, and that con- 
sidering its beauty, durability, facility of being wrought, and con- 
venience of position, it cannot fail to become an important item in 
the resources of the particular neighbourhoods in which it is found 
thus favourably situated. 

Besides the occasional beds of coarser Gneiss, containing much 
pinkish Felspar in large crystals, and presenting, though stratified, 
the composition of a Syenite or Syenitic Gneiss, we find at nearly 
every quarry veins of Felspar traversing the beds in various direc- 
tions, and not unfrequently subdividing and mutually intersecting. 
These are usually of small dimensions, rarely exceeding two or three 
inches across. But besides these, we observe at many exposures, 
veins and dykes of Granite and Syenite penetrating the Gneiss, and 
in some instances in such extent as to present large protruding 
masses, or broad surfaces of the granitic and syenitic rocks above, 
as may be well seen at several points along the James river canal, 
and perhaps still more readily at the rugged exposures adjoining the 
mills on both sides of the Appomattox at Petersburg. In the latter 
locality, the bedding of the Gneiss is quite distinct, the dip varying 
from north a little to the east and to the west, the angle in general 
about fifteen degrees. Here the veins of Granite and Syenite pene- 
trating the mass in various directions, and often intersecting one 
another, by causing the very unequal weathering of the rock, have 
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given rise to its peculiar ruggedness of form. In this and the other 
localities, the granitic veins are at once detected by the large scales 
of silvery Mica, adhering to the surface, or embedded in the mass, 
and those of Syenite by the almost total absence of the black Mica — 
usual in the Gneiss, and the large predominance of the Felspar over 
the remaining ingredient, the Quartz. 

The rocks above referred to, forming the margin of the pri- 
mary on the east, after extending over a breadth of some miles, are 
seen to give place to other modifications of Gneiss. These differ 
from the preceding, in having generally a more slaty structure, and 
being much less uniform in aspect and composition. As a group 
they are also more felspathic, contain much mare Hornblende, are 
less capable of resisting atmospheric agencies, and are consequent- 
ly found in a decomposed state, to a greater depth beneath the sur- 
face. Belts of Hornblende slate occur, associated with them, and 
in many belts the Gneiss itself is so largely imbued with Horn- 
blende, that it forms the characteristic mineral of the rock. 
These Hornblende slates and Hornblendic Gneiss rocks, being less 
easily decomposed than the felspathic rocks with which they are as- 
sociated, are frequently met with in the ravines, while the latter, 
though extensively indicated by the deep beds of white and ochre- 
ous felspathic clay, still retaining some traces of the previous rocky 
structure, are but rarely seen upon the surface. Beds and veins of 
Quartz are of not unfrequent occurrence amongst these rocks, and 
beds of a coarse description of iron ore have been found in them at 
a few localities. 

The dip of these rocks, although for the greater part of their 
extent towards the SE., presents in some sections repeated alterna- 
tions between that and a northwest direction, the angle in general 
being high. 

At numerous places in the belts occupied by the highly fel- 
spathic Gneiss, the extensive decomposition they have suffered has 
given origin to beds of felspathic clay of great whiteness, including 
the unchanged particles of Quartz and leaves of Mica, originally 
united in the rock. This material is often of such purity as with 
proper preliminary treatment to form a valuable porcelain earth ; 
and there can be little doubt that when the manufacture of the finer 
varieties of pottery becomes established in Virginia, the tracts in 
question will be capable of furnishing abundant supplies of this 
material of a quality adapted to be thus used. 


Micaceous, Talcose and Argillaceous Slates. 


Westward of the triangular district of Gneiss rocks just alluded 
to we find a broad belt of more slaty rocks, which, according to the 
peculiar ingredient predominant for the time, are either of the Mi- 
caceous, Talcose or Argillaceous character. 

This belt reaches nearly to the eastern flank of the Southwest 
mountain, in Fluvanna, Albemarle and Orange counties; and fur- ! 
ther north, though in part covered by the middle secondary rocks, 
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there widely expanded over the corresponding region, is still trace- 
able in considerable width east of that formation, through Fauquier, 
Prince William and fairfax counties, as well as in narrow and 
interrupted tracts along the eastern base of the Bull Run and Kit- 
toctin mountains. 

As a general character these slaty strata, where adjoining the 
Gneiss tract, are more micaceous than farther west. Indeed the 
Mica slate is here seen alternating with the Gneiss over a consider- 
able width: nor indeed are the more central or even western por- 
tions of the tract exempt from occasional and sometimes extensive 
ranges of certain varieties of Gneiss. 

Referring, however, merely to general features, the micaceous 
composition, thus most strikingly exhibited towards the eastern 
margin of the slaty belt, is seen changing as we proceed west into 
one in which Talc is more or less blended with the Mica, and even 
in some cases entirely replaces it. 

These Talco-micaceous slates and Talcose slates, extensively de- 
veloped in the western half of the slaty tract, include in some 
places beds of Chloritic slate, of Steatitic slate or impure Soapstone 
and of Serpentine. But these associated rocks are rarely developed 
with great distinctness, and are only found over areas of small ex- 
tent. For the most part they present themselves near the centre of 
the belt. It isin this position also that occurs the irregular and 
interrupted range of Chloritic Gneiss and Micaceous slate, with 
Chlorite, noticed in my last year’s report, as disclosed in Buching- 
ham county, and which displays itself in the Green Spring tract in 
Louisa. It is here, as in Buckingham, associated with Hornblen- 
dic Gneiss, and presents some beds of a species of Sienite, contain- 
ing beautiful crystals of Epidote embedded in pinkish Felspar. 

Towards the western margin of the belt, near the base of the 
Southwest mountain, as well as at several points where the slaty 
rock are left uncovered by the middle secondary in a similar posi- 
tion as regards the Bull Run and Kittoctin mountains, a larger ad- 
mixture of argillaceous matter to a great extent takes the place of 
the Mica and Tale, thus presenting us with Argillaceous slates, still, 
however, retaining in some degree their Micaceous and Talcose 
character. 

These again include strata of a more arenaceous composition, 
composing gritty slates, sometimes approaching the character of a 
sandstone or conglomerate, and analogous to those described in my 
last year’s report under the name of Gneissoid sandstone or Pseudo 
Gneiss; and again, by a still more exclusively siliceous composi- 
tion, and a finer and more nearly crystalline texture, the same slaty 
rocks pass into Quartzite or Quartz slate. 

Throughout the whole of this belt of slaty rocks, veins and beds 
of Quartz are of very common occurrence, and in the Talcose and 
Micaceous slates especially, are frequently more or less auriferous, 
In fact this belt includes nearly every locality in the northern pri- 
mary district in which mines have been opened for extracting gold, 
or in which the metal has been found; and it may be added, that 
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its prolongation south of James river embraces the gold district of 
that part of the state. 

Associated with these slates, and near their western margin, 
there occur patches or ledges of limestone similar to those described 
as existing under analogous circumstances in the southern district. 
To these more particular reference will be made under a subsequent 
head. 

But besides the great belt of slaty rocks above described, there 
is another of somewhat similar character, though less distinctly 
marked and of much less breadth, situated westward of the range of 
the Southwest, Bull Run and Kittoctin mountains, and lying between 
it and the belt of Gneiss and granitic rock previously described as 
occupying for a considerable width the region immediately east of 
the Blue Ridge. In this are embraced numerous varieties of Mica- 
ceous, Talcose, Argillaceous, Chloritic and Steatitic slates, including 
occasional patches of limestone, and associated at several places 
with extensive ledges of the Gneissoid sandstone. 

Among the slaty rocks of both these belts, many beds occur of 
a quality fitted for the coarser architectural purposes, such as the 
construction of walls, steps and flagging. For these uses the mi- 
caceous gritty slates, of frequent occurrence near the western limits 
of the eastern belt, seem especially adapted, as well from their dura- 
bility as the smooth slab-like forms in which they are separated 
from the quarry. The Talcose and Steatitic varieties found in the 
same belt rather east of the former, where sufficiently solid, are also 
permanent, and have the advantage of being readily dressed across 
the grain. All these are occasionally, though not extensively, used 
in building. 

Among the argillaceous rocks of both belts are found ledges of a 
dark coloured slate, having a texture adapting it to be used for roof- 
ing. As yet few quarries have been opened for this purpose, and 
the true value of the material, at most of the localities where seen, 
remains to be practically tested. One of the most interesting open- 
ings of the kind, is that situated about one mile south of the White 
Sulphur springs in Fauquier county, on the north branch of the 
Rappahannock river. The rock here is a dark argillaceous slate, 
forming a ridge close to the river, and about fifty feet in height. 
Its lamination is nearly horizontal, though rather irregular, dipping 
sometimes south by west, and sometimes south by east. Many of 
the seams and joints are stained of a yellowish brown by the iron 
deposited from the decomposing iron pyrites, of which small crystals 
are seen dispersed through the rock. It is this ingredient also that 
produces the little knots or tubercles frequently seen on the surface 
of the lamines; and thus aided by some slight irregularities of lami- 
nation, causes the rock to split, with surfaces a little rough and un- 
even. This range of slate extends in a northeastwardly direction 
for about two miles, and has been quarried at several places east of 
the road leading from the springs to Warrenton. <A similar slate 
also appears to the west of the road and about half a mile from the 
springs. 
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In general, the soil of these belts of slate is of a grey or light 
brown colour, contrasting strongly with the deep red hue of that 
produced by the decomposition of the neighbouring Epidotic rocks, 
In its unimproved state it is far from being productive, but experi- 
ence has shewn that it is capable of being greatly benefitted by the 
use of lime, of which many tracts are provided with a convenient 
supply in the contiguous patches of limestone. 

Epidotic Rocks.—Rocks of the kind here designated, occupy the 
hilly tract intervening between the two belts of slaty strata above 
described. They compose the chief mass of the Southwest moun- 
tain in Albemarle and Orange counties, disappearing in part be- 
neath the middle secondary rocks in the space between Racoon ford 
and the mouth of Robertson river, and in part prolonged across 
the Rapid Anne river at Barnett’s ford, they skirt the middle sec- 
ondary on the west, and as they are continued in the same general _ 
direction shew themselves extensively along the western side of 
the Bull Run mountain, forming most of Rappahannock and Car- 
ter’s mountain, as well as of the Kittoctin mountain, throughout its 
whole extent. 

Besides forming the characteristic material of the important belt 
above described, and of its continuation for some distance towards 
the southwest, these rocks also occupy a wide tract in many parts 
of the Blue Ridge, presenting themselves for the most part in the 
intermediate space between the Gneissoid and Granitic rocks usu- 
ally met with towards the eastern base of the mountain, and the 
sandstones and altered rocks of formation I. lying upon its western 
flank, or spreading upwards to form its summit. 

The rocks under consideration are distinguished by various 
shades of green, arising from the contained Epidote, which in many 
instances composes a large portion of the mass, and occasionally 
presents itself in the shape of distinct crystals grouped together in 
nests, or forming the margin of the small veins of opaque white 
Quartz with which the rock is always more or less penetrated. 
They are also remarkable for their hardness and density, but readily 
lose these characters as well as their colour, by exposure to the 
weather, becoming in this case loose and crumbly and assuming a 
yellowish tint, which in time deepens through various shades of 
orange into red. 

In these highly Epidotic rocks, the traces of stratification are 
doubtful and indistinct, although where observed they are seemingly 
correspondent with the bedding of the contiguous slaty rocks. Both 
in the Blue Ridge and in the Southwest mountain and its prolonga- 
tion, the variety here spoken of has the character of an intrusive 
rock, elevated by igneous action into and among the adjoining strata. 
It is often Amygdaloidal, containing kernels of white Quartz and 
other minerals, sometimes it is vesicular or filled with small cavi- 
ties, sometimes, again, it is penetrated by thin seams of imperfect 
Asbestos, while, as already remarked, it is very commonly tray- 
ersed by ramifying veins of opaque white Quartz. All these char- 
acters bespeak an igneous origin and ally it to intrusive rocks. 
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As examples of the many beautiful varieties of this rock and 
those contiguous to it, met with at various places in the two belts 
just described, I may mention that between Mountain run and Rac- 
oon ford in Orange county, where the Epidotic rocks are widely 
displayed. Near the southeastern boundary of the middle second- 
ary, they present the following varieties besides the ordinary com- 
pact green mass: 

1st. Epidotic Amygdaloid. 

2d. Amygdaloid with drusy Quartz. 

38d. With Chalcedony and crystallized Quartz. 

Ath. Quartz with red and white Chalcedony. 

5th. Quartz with yellow jasper Amygdaloid. 

6th. Brown Semi-Opal. 

In the Blue Ridge, at Ashby’s gap, where the Epidotic rocks oc- 
cupy nearly the whole width of the mountain, the following varie- 
ties are seen: 

Ist. Light green Epidotic rock compact and fine granular ; some 
surfaces with small brilliant crystals of Epidote. 

2d. Light green Epidote with nodules or kernels of opaque white 
Quartz embedded in the mass. 

3d. Epidotic rock, Amygdaloidal; numerous very small reddish 
kernels, flattened and closely contiguous, contained in a base of 
reddish and greenish Epidote. 

4th. Green slaty Amygdaloid, consisting of numerous small nod- 
ules of Epidote disseminated through indurated Chloritic rock. 

These and other interesting varieties are found associated with 
the Epidotic rocks, at Thornton’s, Swift Run, Turk’s and Rockfish 
gaps, as well as at intermediate points, and continue to be displayed 
for some distance farther on towards the southwest, but in di- 
minishing extent. At Thornton’s gap and its vicinity, the Amygda- 
loids are of peculiar beauty, consisting of a Jaspery rock of a rich 
purple colour enclosing kernels of beautifully white opaque Quartz, 
each of which has for its centre a group of radiating crystals of 
bright green Epidote. 

Associated with the highly Epidotic rocks both of the Blue 
Ridge and the more eastern tract before noticed, we meet with 
dark green rocks of great density, often including kernels and 
patches of Epidote, and evidently consisting more or less of this 
substance as an ingredient diffused throughout the mass, in combi- 
nation with Chlorite, Talc, and perhaps Hornblende. These are al- 
ways distinctly stratified, and are often found associated with gritty 
rocks, having the character of altered slates and sandstones. In 
fact, the ponderous dark green slates here referred to, pass by gen- 
tle gradations into the Argillaceous, gritty and Taleose rocks lying 
in their vicinity, both in the Southwest mountain and the Blue 
Ridge, and from this and other considerations, are to be regarded 
as but modified sedimentary strata, while the unstratified Epidotie 
masses would seem to have been the immediate instruments in pro- 
ducing the change. 

As remarked in my last report, of the areas in the southern dis- 
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tricts, similarly abounding in Epidote, the soil of the tracts above 
described, is always of good quality, containing a marked amount 
of combined lime, derived from the mineral in question, and to 
which its productiveness may in some degree be attributed. 


Of Steatitic and Serpentine Rocks. 


Various modifications of these materials are met with interrupt- 
edly in both the slaty belts above mentioned, but the tracts in which 
they seem chiefly to occur in the northern district are situated, first 
in the eastern belt west of the middle of its breadth, in Fluvanna 
and Louisa counties; and secondly, near the eastern boundary of 
the middle secondary in Fairfax county towards the Potomac. 
They are also met with rather indistinctly characterized at various 
points along the Blue Ridge. 

Of the range in Fluvanna and Louisa counties, it will suffice at 
present to remark, that it extends in variable width from the neigh- 
bourhood of Scottsville, nearly in the direction of the county line, 
east of Union mills and between Mechanicsville and Newark. 
Though for much of this distance, its steatitic character is greatly 
obscured by the presence of a large portion of Talc and Argillaceous 
matter, at many points the predominance of Steatite is marked, and 
the rock is a soapstone of moderately good quality. It is here, 
however, unmingled with Serpentine. F 

In Fairfax county, as we approach the Potomac, we meet with 
Steatitic and Serpentine rocks, especially the latter, over an area of 
considerable extent, evidently the counterpart of the wide tract in 
Montgomery county, Maryland, where the same rocks exist in great 
abundance. Between Difficult creek and Still House creek, the 
greenish Talcose slate is seen to include heavy beds of Serpentine 
and Steatitic rock, including several interesting minerals, among 
which is Chrome-iron ore. As yet, our researches in this tract are 
incomplete, and I am therefore unable to affirm any thing of the 
extent or value of this included mineral; but future observations 
directed specially to this point, will furnish the data requisite to 
form a confident opinion. The following facts in relation to the 
Serpentine quarry near Dranesville, will serve to illustrate the 
character of the rocks and their contained minerals. 

The quarry is one and a half miles SE. of Dranesville, on the 
land of Mrs. Sandford. The rock which rises in a ridge about 100 . 
yards in width, appears above the surface in ledges, and has been 
exposed by diggings. The Serpentine is mostly slaty, sometimes in 
solid layers, nearly vertical, ranning NNW. with a high easterly dip. 
Its colour is generally dark green, though sometimes light; and it 
is associated with Talc, Asbestos, Carbonate of Copper, Chrome- 
iron and Magnetic Oxide of Iron. Some of it is Talcose and is 
quarried as a soapstone. The bed is exposed for a distance of . 
about one fourth of a mile, being enclosed in greenish Talcose slate. 
The principal minerals found at this locality are the following: 

1st. Serpentine, dark green, with small Octohedral crystals. 


464 


2d. Talcose Serpentine. 

8d. Green Talcose slate. 

4th. White Talcose slate. 

5th. White Ligniform Asbestos on Serpentine. 

6th. Greenish Ligniform Asbestos on Serpentine. 

Tth. Light green Asbestos, in wrinkled lamellar masses. 

8th. Talc, light green, in large leaves. 

9th. Chrome-iron. 

10th. Green carbonate of copper, containing Asbestos and Ser- 
pentine. : 


Quartz Slate or Quartzite. 


This interesting rock, of which several localities in the southern 
district were described in my last year’s report, is found in nearly 
the same geological connections, but on a scale of far greater extent 
in the Bull Run mountain, and parts of Baldwin’s ridge and Pond 
mountain in Prince William county. In approaching Thorough- 
fare gap from the west, after passing over the Epidotic rocks form- 
ing the red soil in the neighbourhood of Georgetown, we come upon 
the stratified Quartz slate of the mountain, with a dip varying from 
east to northeast of about fifty degrees. The main mountain is 
composed of strata from two to four feet or more in thickness, 
which on its west side presenting their bare outcropping edges to 
view from a rough broken rocky face, distinctly traceable by its 
white colour for many miles along the western slope and the crest 
of the Ridge. About two miles north of the gap, is a high peak of 
the mountain, composed of these bare white rocks, called Stoney 
Point. In the gap, the rock presents itself in a lofty rugged cliff, 
the fragments of which, in the form of large angular blocks, are 
seen in the bed and along the sides of the little stream (Broad run) 
that here cuts through the Ridge. 

In the main mass, some of the layers are from 6 to 12 inches 
thick, They are generally Micaceous, especially the surfaces of 
parting. Towards the eastern side of the Ridge, the Mica is more 
abundant, and the rock here separating with surprising regularity 
into large slabs, often less than two inches in thickness, presents a 
brilliant coating of silvery Mica. At some points it displays a ten- 
dency to disintegrate, forming a beautifully white and sharp sand, 
but in general it is compact and almost crystalline, and of unques- 
tionable durability. <A little east of the mountain and separated 
from it by a narrow plain, occurs a small ridge composed of similar 
materials, at the eastern foot of which we come upon the middle 
secondary. 

This range of Quartz slate, the most extensive in the state, and 
the only one of importance in the northern district, becomes an ob- 
ject of curious interest, not only from the beautiful regularity of its 
cleavage, and the lustrous surfaces of many of the slabs, but from 
the consideration that it furnishes a striking example of one of the 
extremes of composition among the slaty rocks, in which, instead 
of the usual Talcose, Micaceous and Argillaceous mixtures, we have 
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an almost exclusively siliceous mass—of which the parts, though 
doubtless originally deposited as sediment, are now united with al- 
most crystalline compactness. 


Pseudo Gneiss or Gneissoid Sandstone. 


The class of rocks referred to under this head, and of which, as 
disclosed in numerous extensive exposures in the southern district, 
a somewhat minute account was given in my last report, occurs 
under similar geological relations in the district of which I am now 
treating, being found within or adjoining the belts of slaty rock 
before described, and near the great Epidotic range of the South- 
west mountain and its prolongations. 

East of the tract of Epidotic rocks, or more properly, where 
these become blended with the slates of the eastern belt, several 
ledges or narrow beds of a Gneissoid grit are met with, consisting 
of coarse particles of Quartz, with some Mica, and little or no Fel- 
spar. Being generally divided by smooth and regular joints, they 
are easily separated at the quarry in the form of prismatic blocks 
and thick slabs, and being durable and of alight grey colour, are 
not unfrequently used for steps and sills and other similar purposes. 
Exposures of this rock may be seen at intervals along the eastern 
base of the Southwest mountain, adjoining and even among the 
Epidotic rocks, from the Rivanna to the neighbourhood of Gordons- 
ville, thence to the vicinity of Montpelier, where it is seen associ- 
ated with a bed of limestone and marble, and adjoining Epidotic 
rocks and Micaceous and Talcose slates. 

We meet with a belt of the same description of rock about three 
fourths of a mile eastwardly from Warrenton in Fauquier county, 
in a similar position, associated with Epidotic slates and Trap, and 
contiguous to a range of Talcose slates on the east. It is here ex- 
posed over a considerable extent, and has been quarried for the use 
of the neighbourhood. 

But the most extensive beds of these Gneissoid sandstones and 
grits are met with near and among the Epidotic rocks adjoining 
the western belt of slates. This also is the position in which they 
are chiefly found in the southern district, where, as mentioned in 
my last report, they present themselves in strata of great thick- 
ness and extent near the western side of Carter’s and the Green 
mountain. t 

At the western base of Watery mountain, four miles west of 
Warrenton, a range of these rocks, consisting of a grey sandstone 
occurs adjacent to Chloritic slate. The bed has the usual north- 
eastern direction and steep dip towards the southeast, and furnishes 
an excellent stone which is quarried for building purposes and for 
flagging. The rocks of Watery mountain, and most of the space 
thence to Warrenton, are more or less of an Epidotic composition. 
Similar Epidotic and Chloritic rocks extend westward of the belt 
of sandstone, so as to form the mass of Carter’s mountain and Rap- 
pahannock mountain, along the western flank of which, on Carter’s 
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run, we find another and quite extensive belt of the Gneissoid sand- 
stone, grey, hard and very siliceous, in strata several feet thick, and 
associated with Chloritic slate. 

In the same vicinity occurs an interrupted range of limestone, 
such as we find in numerous other instances near or adjoining to 
the Gneissoid rocks. These strata again present themselves at the 
eastern base of the Rappahannock mountain, where also they are 
quarried. 

In the range of the beds above alluded to, in a southerly and 
somewhat westerly direction we meet with eritty Micaceous slates 
and Gneissoid sandstones and grits, occasionally presenting massive 
strata of a character adapted for use, as in the vicinity of Jefferson, 
but most usually in a decomposing state. These cross the Aestham 
river above Muddy run, and are discovered at intervals thence on to 
the neighbourhood of Charlottesville, maintaining the same general 
position in relation to the Epidotic belt, but expanding as they ex- 
tend towards the southwest, and amply exposed as formerly de- 
scribed in Albemarle and part of Nelson county. 

Lest the statement above made of the occurrence of these gritty 
rocks among beds containing Epidote, should be misconceived, I 
would here remark, that although the greater part of the rocks 
composing the Southwest mountain, and its prolongations, are dis- 
tinguished by a greenish colour, and include more or less of Epi- 
dote in their composition, the amount of true Epidote rock is com- 
paratively small. The other and more abundant masses, upon close 
inspection, prove to be various slaty and gritty rocks, containing 
more or less Tale, Mica, and Chlorite, and impregnated in various 
degrees with Epidote, either in a diffused condition, or in nests or 
kernels, and frequently associated with small veins of Quartz. In 
many instances the impregnation is so slight as to produce little 
effect upon the colour of the mass, and the character of a Micaceous 
or Gneissoid sandstone is in a good degree preserved. The rocks 
in question, though intersected by numberless joints, in general dis- 
play their stratification with tolerable distinctness, except in the 
neighbourhood of the bright green epidotic masses, when the 
planes of bedding are almost obliterated, and the rock partakes of 
the structure as well as the hue of the Epidote. In view of these 
facts, there can be little doubt that the strata referred to are but 
portions of what was originally one wide belt of slates and gritty 
’ rocks, which has been invaded from beneath by the igneous epido- 
tic masses characterising the range of the Southwest mountain and 
its prolongations, and that the peculiar hue and texture they present, 
is to be ascribed to the modifying actions to which they were thus 
exposed. 


Micaceous and Taleose Limestone and Marble. 


Associated with the slaty rocks of the belts already described, 
we meet with patches, and sometimes prolonged beds of Micaceous 
and Talcose limestone, passing in some instances into a rock of a 
grain so fine and uniform as to constitute a variety of marble. 
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As in the case of the beds of similar materials met with in the 
southern district, these are in no case to be regarded as continuous 
for a long distance, but are evidently included masses of a lenticular 
or oval form, lying in certain belts of the slaty rocks, but not neces- 
sarily connected with one another. As will appear in the descrip- 
tion of localities about to be presented, this included position is 
sometimes evinced not only by the meeting of the bounding strata 
of slate or other rock at the extremities of the limestone bed, but 
by their coming together in like form above it, thus shutting it out 
from the surface view, and allowing it to be disclosed only where a 
ravine or other natural or artificial section removes the incumbent 
rock. 

The following brief account of the exposures of these limestone 
beds in the northern district, while embracing those of most impor- 
tance, is not to be understood as including all within its limits. 
The unfinished state of our researches in many parts of this region, 
does not admit of a more full enumeration at present. It is quite 
probable that other localities will be discovered during the explora- 
tions of the coming season, at the same time several of those al- 
ready known will claim further examination. 

The range of slaty rocks containing embedded deposits of lime- 
stone, which in my last report was described as making its appear- 
ance from beneath the middle secondary, west of Scottsville in Al- 
bemarle county, and thence pursuing a nearly northeasterly course, 
shewing at intervals these included calcareous masses on Buck isl- 
and, Limestone and Mechump creeks, is continued in the same gen- 
eral direction, displaying a bed of limestone about one and a half 
miles east of Gordonsville in Orange county, and again on the 
farm of Mr. Rawlings, about half a mile southeast of the meeting 
house situated on the road from Gordonsville to Orange court- 
house. 

At these localities, the rock is dark blue and slaty, presenting 
smooth Talcose surfaces, and occasional thin veins of calcareous 
Spar. 

West of the former locality, and between it and Montpelier, we 
meet with a bed of marble, bearing a striking resemblance to the 
rock described in my last report as shewing itself extensively on the 
James river opposite to Warminster. It is white, shaded with pink, 
with an occasional stain of green Tale. Being of fine grain, and 
exposed in a solid mass of about thirty yards in breadth at the lo- 
eality now in view, it would seem to claim attention as a resource 
likely to be of economical value, and will on this account claim a 
more minute examination than in a cursory visit we were able to 
bestow. This bed, which obviously lies considerably west of the 
range of calcareous masses previously referred to, is contiguous 
to layers of Gneissoid sandstone, Talcose slates and Epidotic 
rocks. 

Exposures of the calcareous rock, some of them of considerable 
extent, are again met with on the Rapid Anne river, nearly in the 
general line of bearing of those above referred to. The most west- 
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wardly of these occurs nearly opposite the mouth of Summerduck 
creek on the land of Mr. Pannill. The river being skirted on the 
south side by a band of the middle secondary rocks, extending 
inland about a quarter of a mile, the slates and included limestone 
are first seen along the southern margin of these rocks, 

This limestone is pinkish and sometimes grey, fine granular and 
sparry, dividing into layers of aninch or two and not solid. It burns 
into a white lime, and has been used for domestic purposes and for 
building. 

Lower down the river, and beyond the termination of the nar- 
row strip of middle secondary above mentioned, there occur two 
other ledges of limestone of very considerable extent. The upper- 
most of these is found about a mile above the mouth of Brooke’s 
run, and is met with inland and in the river cliff. In the former 
position it is just east of the edge of the red sandstone; in the lat- 
ter, the red sandstone is seen to overlap the western side of the band 
of limestone. The rock at the former point is mostly blue, fine 
granular, with much cale. Spar, and occurs in layers and masses 
several feet thick, presenting little or no Mica, Quartz, or other im- 
purities. The exposure on the river has a width of about twenty 
yards. The strike or range of the beds is between NE. and NNE., 
and the dip very high southeasterly. Here the rock is blue, varie- 
gated with pink, containing much white Spar, and also narrow lay- 
ers of white Quartz, which project above the weathered surface of 
the bed. About three hundred yards eastward of this is another 
and larger bed, about forty yards thick, where exposed in the river 
bank. It is blue and slaty, coming out in thin layers. In range 
and dip it agrees with the preceding. 

Pursuing the same general direction, we meet with the limestone 
again on Mountain creek near its mouth, and on the Rappahannock 
at the mouth of Marsh run; the former in Culpeper, the latter in 
Fauquier county. At both localities the rock is exposed rather 
extensively, and has been quarried and burnt by Captain Roberts 
and Mr. Whitely. It is a bluish veined limestone, slightly Talcose 
and Micaceous, and of slaty structure. 

The more western of these Calcareous beds, that on Marsh run, 
continues up the stream and shews itself at the distance of a mile 
from the river, beyond which it has not been observed. A little 
further towards the northeast, the range of this and the more east- 
ern limestone bed on Mountain creek, would strike the margin of 
the middle secondary rocks, and if continued in their original bear- 
ing, would thereafter be concealed from view by the overlying 
strata. After this disappearance of the limestone, occurring be- 
tween Marsh run and Elkton, no beds of Caleareous rock have yet 
been discovered throughout all the slaty tract bordering the middle 
secondary rocks, thence on to the Potomac. 

Similar interrupted ranges of limestone shew themselves in Fau- 
quier and Loudoun counties, associated with the slaty and Gneis- 
soid strata west of the principal belt of Epidotic rocks before 
described. 
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One of the most prolonged of these may be traced along the 
western base of Rappahannock mountain, and thence on to the 
neighbourhood of White Plains, shewing itself on the estates of Mr. 
Nelson, Mr. Grigsby, Mr. Baker and Dr. Horner. The rock varies 
in colour and texture, being sometimes of a light blue tint and close 
grained, and sometimes of a light grey, with films of Tale on the 
separating surfaces. At Mr. Grigsby’s, it is associated with green 
chlorite slate, and is evidently not interposed as a parallel bed, but 
rather as an enclosed mass, which does not rise uniformly to the 
surface. 

At several points in this range, and especially at Mr. Baker’s, 
the limestone is quarried and burnt quite extensively, and yields a 
lime which, though not very fair, is found to be well adapted for 
domestic, agricultural and building purposes, 

Further towards the northeast, a narrow bed of limestone 
occurs near Dover mill, on the Little river, about two miles west- 
ward of Aldie, associated with Micaceous and Argillaceous slates, 
-and a little west of the Epidotic range. Beyond this, in the same 
direction, are several exposures, north of the road leading from 
Aldie to Snicker’s gap, among which may be mentioned the quar- 
ries of Mr. Luckett, about three fourths of a mile northwest from 
the junction of the road just mentioned and that leading obliquely 
across the Kittoctin mountain, to Oatland mills, and that of 
ai more towards the northwest and near Goose 
creek. 

At the former, the body of rock exposed is about twenty feet in 
width, and very indistinctly stratified. It is a fine, granular, blue 
limestone, not very solid, and making a moderately white lime. A 
little white silvery Mica occurs occasionally in the seams and on the 
surfaces of the rock, but not sufficient to entitle it to be called a Mi- 
caceous limestone. It is associated with greenish Micaceous Tal- 
cose slates. The rock at Mr. Wethered’s is in the main of similar 
character, though said to furnish a lime of fairer complexion. 
Several small ledges of limestone occur in the vicinity of the 
anaes associated with green and whitish Talcose and Micaceous 
slates. 

Other small beds of limestone are known to occur at several 
points in the same general belt, between the above exposures and 
the Potomac river, but with the exception of those at Taylortown 
on Kittoctin creek, about three miles from the river, they remain 
yet to be examined. 

At Taylortown the calcareous masses are enclosed in greenish 
slaty Talcose rocks, containing iron pyrites, and magnetic oxide of 
iron in small octahedral crystals, with some whitish Tremolite, Actyn- 
olite in greenish fibrous masses, and a little Asbestos. 

- The most easterly of these beds consists of a bluish limestone, 
much of which is shaded or striped with lighter and darker tints 
irregularly disposed over the surface; and from this, as well as its 
texture, deserves to be regarded as a pretty variety of marble. At 
the quarry opened on the side of the hill, about thirty or forty 
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feet above the creek, the body of limestone exposed is about ten 
feet thick, and rather diminishes than increases in descending. The 
green indurated Talcose slate adjoining it on both sides, bends over 
and covers the limestone on the top, so that there is several feet of 
slate between it and the surface, thus affording an interesting exam- 
ple of that inclusion already mentioned, characterizing these lime- 
stone masses generally. A similar rock, the continuation of the 
former, is also quarried at the mill. 

West of this, and separated from it by about twenty feet of hard 
green slaty rock, are several layers of beautifully white marble, of 
an admirably fine and uniform texture. The layers are solid, free 
from veins, and would seem capable of being extracted in masses 
from one to two feet thick and several feet in length. Were the 
deposit of greater extent, preserving the colour and texture of that 
now exposed, it might prove of high value for the finer uses to 
which this material is applied, having the pure tint, and the fine, 
even yielding grain of marble alabaster. It should be added that 
both this and the blue variety appear to be susceptible of a good: 
polish. 

Of the chemical composition of the limestones collected at the 
various localities above described, a detailed account will be given 
in the concluding chapter of the present report. On this head I 
need only remark, that like those met with under similar circum- 
stances in the southern district, and of which a minute description 
was given in my last report, although in general less free from 
earthy admixture than the limestone west of the Blue Ridge, they 
furnish a lime capable of being very usefully applied in agriculture, 
as well as for household and building purposes; and that as regards 
the first of these applications, they deserve to be considered as a 
valuable source of improvement to the soils of the prolonged belt 
in which they occur. 

In the brief sketch that has now been given of the Primary and 
Metamorphic rocks of a considerable portion of the northern dis- 
trict, I have confined myself to such particulars as could be most 
readily presented in a compendious form, and as had been slightly 
or not at all alluded to.in preceding reports. 

To the numerous details in my possession, omitted in this sketch, 
are to be added the results of the further researches necessary for 
the completion of our labours in this portion of the state, in order 
to enable me, in my final report, to present a minute and compre- 
hensive picture of its geological structure and important mineral 
contents. | 

As formerly remarked, an important portion of the northern 
district is occupied by a class of rocks entirely different from the 
Primary and Metamorphic masses I have been describing, and which 
constitute the middle secondary formation of this part of the state. 
These I will now proceed to describe. 
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CHAPTER V. 


OF THE MIDDLE SECONDARY SANDSTONES, SHALES AND CONGLOM- 
ERATES OF THE NORTHERN DISTRICT—EASI OF THE BLUE 
RIDGE. 

Srotion I. 


General Features of this Formation. 


The close resemblance existing between the strata of the middle 
secondary formation as presented in the region now under consider- 
ation, and that south of the James river, was referred to in my last 
year’s report, while treating of the southern district, and the gen- 
eral description of the middle secondary rocks then given, was de- 
signed to apply as well to the northern as the southern tracts in 
which they are developed. It will therefore be unnecessary in this 
place to repeat these descriptions in detail, and it will suffice be- 
fore entering upon the brief sketches that are to follow, in a few 
words, to remind the reader of the general character of these rocks, 
and to point out one or two particulars in which, in some parts of 
the northern tract, they present peculiar features. 

- In the first place these strata are all of the sedimentary charac- 
ter, consisting of particles of sand and earth and pebbles of various 
dimensions, derived from pre-existing rocks, and deposited by water 
in the positions they now occupy in the masses of which they are 
the component parts. Through all the variety of texture, com- 
mencing with the coarsest conglomerates including pebbles of many 
inches diameter and passing by successive steps to strata composed 
of finer and finer materials, constituting the sandstones, slates and 
shales of the formation, we meet with unequivocal proofs of this 
aqueous origin, and at the same time, unless in certain localities 
where subsequently to their deposition they have been invaded by 
igneous rocks from beneath, we find no indications of their having 
been subjected to those modifying agencies, due to igneous causes, 
from which the metamorphic rocks of which I have been treating 
in the previous chapter have derived so much of the character they 
now present. 

Though of various tints, comprising grey, brownish grey, green- 
ish grey, brownish yellow and others, these strata as a group are 
marked by the predominance of a red colour, which is however 
more particularly prevalent among those of a shaly texture. 

With a few local exceptions, their dip is to the north of north- 
west, and the inclination, though variable, is usually small, thus con- 
forming precisely to the position of the corresponding rocks in the 
southern district. 

They here also, as in that part of the state, contain impressions 
of vegetable stems and leaves converted into Lignite and coaly mat- 
ter, and in a few localities they preserve distinct traces of the re- 
mains of fish, especially the well characterized rhombic scales men- 
tioned in my last report as discovered at several points in the middle 
secondary rocks of the southern district. 
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The coarse conglomerate or breccia is met with here, as in the 
southern district, chiefly along the western margin of the formation, 
but with this peculiarity, in the neighbourhood of the Potomac and 
one or two other points, that a considerable proportion of the em- 
bedded pebbles consist of limestone—thus converting the mass into 
the rock well known under the name of Potomac marble. As in- 
dicating the cause of this local peculiarity of composition, besides 
referring to what was said on the subject in the report of last year, 
I may observe that in Maryland, not far from the Potomac, an ex- 
tensive range of limestone displays itself a little eastward of the 
margin of the conglomerate, the more eastern portion of the middle 
secondary rocks, which by their position would have rested upon 
this limestone, being wanting over a considerable space, and that 
this limestone in its prolongation towards the southwest, disap- 
pearing beneath the middle secondary rocks, before reaching the 
Potomac, is in all probability continued for some distance in this 
buried position near the eastern margin of the conglomerate. In 
such a view, the source of the calcareous fragments contained in 
the conglomerate met with near the Potomac, would be no less ap- 
parent than it is in other positions where beds of limestone are met 
with along the eastern margin of the middle secondary belt. 

Referring for further details in regard ‘to the various character- 
istic features of the formation, to my report of last year, I pro- 
ceed to give a compendious account of its boundaries, and some of 
its component strata as it displays itself in the northern district. 


Seotion II. 


Boundaries of the Middle Secondary Formation in the Northern Dis- 
trict. 


Before proceeding to describe the boundaries of the formation, it 
is proper to remark that, as with the exception of one short inter- 
val near its southern extremity, it is continuous from the Potomac 
to that point, it will be most convenient to describe the whole in 
one connection — reserving the special account of the boundaries 
along the deficient space, which are yet not precisely settled, for 
the more minute delineation hereafter to be given. I would also 
remark, that although in thus briefly tracing the-outline of the area 
in question, reference will be made only to points most easily rec- 
ognized on the map, and often, therefore, at very considerable dis- 
tances apart, the greater portion of the boundary has been explored 
at much smaller intervals, so that with the exception of some 
miles between Leesburg and the Potomac, in the neighbourhood of 
Noland’s ferry, and several short lines towards the southwest, the 
limits of the area have been accurately traced. I may therefore be 
allowed to repeat the suggestion made in my last report, that the 
reader desirous of having a distinct picture of the position and 
form of this important portion of the northern district, should fol- 
low the description here given, pencil in hand, and thus trace for 
himself an approximate outline of the region on the map. 
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The general form of this area is that of a prolonged triangle, 
extending in a direction from SSW. to NNE. having its apex at 
the southern extremity, and gradually expanding until it reaches 
the Potomac. Measured from the apex to a point on the Potomac 
midway between the mouths of Goose creek and Broad run, its 
length is about eighty miles, but including the narrow tract extend- 
ing northwardly from Leesburg to the neighbourhood of Noland’s 
ferry, it would be increased to near eighty-eight miles. Its great- 
est breadth, as measured near the Potomac, and parallel to the road 
leading from Leesburg to Dranesville, is about fifteen miles. This, 
in round numbers, gives sia hundred square miles for the area of 
the middle secondary region in the northern district. 

Beginning at its southern extremity, about a mile SW. of Bar- 
boursville in Orange county, the boundary of the small area lying to 
the southwest of the interruption above alluded to, may be traced 
by a line drawn a little east of the upper part of Blue run, and par- 
allel to the stream as shewn on the map, until this line passes the 
mill below Brewer branch, continuing in the same direction parallel 
to the SW. mountain, so as to pass a little west of Montpelier, and 
striking the turnpike leading from Orange courthouse to Stanards- 
ville, at the eastern crossing of Poplar, alias Baylor’s run, thence 
bending round towards the northwest, so as to strike the Rapidann 
river at a point not yet determined, near the mouth of Poplar run, 
then turning towards the southwest, passing in that direction a 
short distance east of the mill where the turnpike touches the river, 
continuing on a little westward of the meeting house and of Bar- 
boursville, and thus returning to the point at which the tracing was 
commenced. 

As already mentioned the interval between this and the princi- 
pal tract lying to the NNE. has only been partially explored, and I 
am therefore unable, with precision, to lay down the position of the 
boundary of that portion of the tract southeast of the junction of 
the Robertson and Rapidann rivers. Much of the interval is occupied 
by the Epidotic rocks forming the prolongation of the Southwest 
mountain, which are continued in considerable breadth to the 
neighbourhood of Racoon ford, and at the same time extending in 
a northwestwardly direction across the Rapidann at Barnett’s ford, 
send out a spur, or another but interrupted range, seen at intervals 
thence towards Culpeper courthouse. For the present considering 
the boundary of this part of the tract as coinciding with the course 
of the Rapidann river, from the mouth of Robertson river to a 
point a little above Racoon ford, the eastern margin of the prin- 
cipal area may be traced by a line drawn through the points and in 
the directions described below. 

Commencing at a point on the south side of the Rapidann, about 
three fourths of a mile above Racoon ford, its course nearly dne 
east diverges slowly from the river until it touches the road be- 
tween a half and three quarters of a mile towards the south ; it 
then bends a little northwards and curving around so as to strike 
the river about a mile above the mouth of Brook’s run, where the: 
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limestone and middle secondary are seen in contact, it crosses the 
- Rapidann in a northeastwardly direction, passes Brook’s run a short 
distance above its mouth and intersects the road leading from Germ- 
anna ford to Stevensburg, at a point a little west of the fork near 
the meeting-house laid down on the map. Thence bending slightly 
more towards the north, it crosses Mountain creek near the second 
mile above its mouth and strikes the north fork of the Rappahan- 
nock, a short distance above the mouth of Marsh run, Now pursu- 
ing a course almost due northeast, it strikes the head of Elk run a 
little distance east of Hickerson’s at the cross roads, and turning 
rather more towards the north passes west of Brentville and east of 
New Market, so as to cross the turnpike from Centreville to War- 
renton near the western verge of the former. From Centreville, con- 
tinuing in nearly the same direction, it intersects the turnpike lead- 
ing from Alexandria to Winchester about four and a half miles west- 
ward of Fairfax courthouse, and thence prolonged crosses the road 
from Georgetown to Leesburg at Dranesville, situated on that road 
due south of the upper end of Beech island as laid down on the 
map. Continued from this point, it strikes the Potomac river at a 
point not yet precisely ascertained, about one or two miles below 
the mouth of Seneca creek in Maryland. Of its prolongation in 
Maryland, it will be enough to say, as supplementary to the tracing - 
just given, that after crossing the Potomac it quickly bends around 
to the north and then to the northwest, so as to pass over the Sen- 
eca between the mouths of the Dry and Little Senecas, and to in- 
tersect the Little Monocacy, some distance above its mouth, whence 
turning to a northern and afterwards a NE. course, it crosses the 
Big Monocacy very obliquely, and shews itself on the Baltimore and 
Ohio rail-road, immediately west of the limestone before referred 
to, evincing in the remarkable change of its course, after crossing 
the Potomac, the great contraction of the middle secondary area, 
which was mentioned in the same connection as occurring in this 
region. 

Returning now to the southwestern extremity of the tract for 
the purpose of tracing its western margin, we find it marked out 
by a line passing through the points and having the directions enu- 
merated below. 

Beginning at the mouth of Robertson’s river, its course, though 
not yet minutely ascertained in this vicinity, is such as to intersect 
Cedar run a little eastward of where that stream crosses the road 
leading from fairfax (Culpeper courthouse) to near the mouth of 
Crooked run. Thence it continues so as to strike the road in ques- 
tion about two and a half miles south of Fairfax, and passing a 
little west of the village, extends to Muddy run near the principal 
bend. From this point, its course, though not exactly determined, 
carries it across Aestham river, near the mouth of Muddy run, and 
Hedgeman’s river, a little below Freeman’s ford, and thence on to 
a point on the road from Warrenton to Elkton about one hundred 
yards west of Turkey river. Pursuing the same direction until it 
passes the southern end of Baldwin ridge, it curves around so as to 
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take a more northerly course, and keeping close along the eastern 
flank of Baldwin ridge and Pond mountain, crosses the road lead- 
ing through the gap, about one mile eastward of New Baltimore. 
Thence continuing its course along the eastern flank of Pond moun- 
tain, it intersects the road leading to Georgetown by Thoroughfare 
gap, about a quarter of a mile east of the mill at the eastern end of 
the gap. Extending along the base of Bull Run mountain, in a 
nearly uniform course, it crosses the Aldie turnpike about a fourth 
of a mile east of the village, thence runs nearly parallel with Little 
river for some miles, and passes Goose creek at Carter’s mill, (Oat- 
land mills on the map,) and adhering closely to the flank of Kittoctin 
mountain, passes a little west of Leesburg, touches Limestone creek 
near its head and in the vicinity of Matthew’s store, about six miles 
NNE. of Leesburg, and thence continues to a point not yet deter- 
mined in the neighbourhood of Noland’s ferry on the Potomac. Its 
extension in Maryland preserves a course nearly parallel to the 
Monocacy river, and to the eastern boundary line before traced, 
after that line has crossed the river, the two being thus made, in 
this part of their course, to comprehend a very narrow tract, chiefly 
occupied by the calcareous conglomerate. 


Srotion III. 


Character and Contents of the Strata and of the Associated Trap 
Rock. 


The chief peculiarities of the middle secondary strata in the tract 
now under consideration having already been alluded to, and their 
more important varieties as to texture, colour and contents, having 
been described in the report of last year, when treating of the simi- 
Jar materials of the middle secondary tracts in the southern district, 
I shall content myself with only a few additional illustrations, drawn 
from localities within the area of which I am now treating, and as 
for the present, these admit of being most easily presented in the 
form of brief summaries of the several varieties of rock met with 
in passing across the region at various points, I shall introduce them 
in that shape. 

In entering upon these descriptive sections, it should be premised 
that the protruding masses of igneous rock, of the nature of Trap, 
met with even more frequently in this than in the southern tract, 
constitute, in a geological point of view, one of its most interesting 
features. These intrusive rocks, which, forced up from beneath by 
igneous agencies, have penetrated either partially or entirely through 
the middle secondary strata, are readily distinguished from the en- 
closing sandstones, slates and shales, by their dark grey and nearly 
‘black colour in the interior, and the ochreous brown hue they as- 
sume when weathered, by their great hardness and heaviness, and 
by their not appearing in regular strata, but in knobs and ridges, 
breaking down by exposure into masses of a rounded form, from a 
' few inches to several feet in diameter. 
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These knobs and dykes, though not usually of great extent, are 
exceedingly numerous in many parts of the tract, giving a rugged- 
ness to the surface which it would not’ otherwise present. Where 
appearing in the form of true dykes or walls of Trap, rising through 
the adjacent strata in a nearly vertical direction, they may some- 
times be traced longitudinally for a distance of a few miles, and are 
then seen to have directions, which, though by no means regular, 
are generally towards the west of north. But few instances, how- 
ever, occur, of their being prolonged with sufficient distinctness to 
admit of determining their bearing in a satisfactory manner, and 
(for the most part) they present themselves as isolated knobs or 
short ridges, with no traceable connection on the surface. 

The modifying influences of these igneous rocks upon the adja- 
cent strata, exemplitied in my report of last year, with reference to 
certain localities in the southern tract, are observable also in nu- 
merous places in the northern area, the strata in the immediate vi- 
cinity of the knobs or dykes of Trap, though but little disturbed in 
position, displaying in such cases various remarkable changes as to 
texture, colour and composition. In most cases, the alteration 
thus produced does not extend beyond a change of colour and in- 
creased hardness and density of the modified mass, but at some lo- 
calities it is marked by the development with the substance of the 
altered rock of various crystalline minerals, among which Epidote 
of frequent occurrence, sometimes distributed through the mass, 
but more commonly collected in the form of oval or spherical ker- 
nels, like those of an Amygdaloid. As locally illustrating the order 
of succession of the middle secondary strata and the mode of oc- 
currence of the igneous rocks among them, I proceed now to a 
brief description of several sections as above proposed. 

Taking as our first illustration the transverse line marked out by 
the road leading through Dranesville to Leesburg, comprising a 
breadth of upwards of fourteen miles, we find the middle second- 
ary and igneous rocks to occur in the following succession : 

Immediately west of the small ridge on which Dranesville stands 
and which is composed of micaceous slates, we meet with the red 
sandstone of the middle secondary, consisting of layers alternately 
hard and soft and including some conglomerate. This continues 
alternating with greenish slabby sandstone and’red shale, as far as 
Broad run. Many of the beds presented in this interval are of 
sufficient firmness and durability to be used in architecture, and have 
accordingly been employed in constructing the bridge over Sugar- 
land creek. The greenish sandstone is of a variety met with at 
numerous other localities, being remarkable for containing the re- 
mains of vegetable stems converted into coaly matter, and coated in 
places with green carbonate of copper, the rock itself also present- 
ing thin films and disseminated particles of this substance. At 
Broad run, occurs an extensive dyke of Greenstone Trap crossing 
the stream obliquely, with a bearing or course of NNW. and a dip 


of sixty degrees to WSW. At the eastern end of the bridge, it — 


rises like a great wall, spontaneously dividing into layers from one 
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to two feet in thickness, and presenting at the first glance the as- 
pect of a hard Sandstone or Gneiss. Its width is about 150 yards, 
and on the western side it displays the usual tendency to the globu- 
Jar form. Beyond this, with some reddish slate, we have grey and 
ash coloured slaty sandstone; and about a mile before reaching 
Goose creek, we come upon another range of green stone, beyond 
which we are again presented with the reddish and light coloured 
shales and sandstones. At Goose creek, the green stone is re- 
peated, forming a broad dyke running N. a little W. and nearly ver- 
tical, and in about a fourth of a mile further on we have another 
dyke of the same material, about 20 yards in width, rising abruptly 
on the south side of the road like a solid wall. Between the two 
dykes last mentioned the sandstone gives striking evidences of al- 
teration, presenting itself as a hard, compact, fine-grained rock, of a 
mottled and grey aspect, at first view bearing some resemblance to 
a green stone. It also exhibits a jointed structure conforming to 
that of the igneous masses in the neighbourhood, and obliterating 
its original stratification. Beyond this we have altered sandstones 
and shales, with green stone, to Leesburg. Within the town is a 
small range of green stone, and in various directions in the neigh- 
bourhood are abundant exposures of the conglomerate. The latter 
rock is characterized in this part of the tract, as formerly men- 
tioned, by the large proportion of limestone pebbles it contains, as 
well as the amount of calcareous matter diffused through the mate- 
_ vial by which they are cemented together. At Col. Shreeve’s, a quar- 
ter of a mile from the town, in a southern direction, it is so rich 
in carbonate of lime as to be quarried and burnt as a limestone, af- 
fording a lime well suited for building and agricultural purposes. 
Taking as another illustrative. section, the line of the turnpike 
road leading from Fairfax courthouse to Aldie, we leave the red 
micaceous slates of the primary region about four and a half miles 
westward of the courthouse, and immediately enter upon the mid- 
dle secondary tract. The rocks here are red sandstones, of moder- 
ately fine grain, in compact layers of sufficient hardness and durabil- 
ity to be valuable in building. These continue for some distance, 
oceasionally alternating with red shales and brownish sandstones; 
and at about six miles from the courthouse we meet with the green- 
ish sandstone containing vegetable stems converted into coal, which, 
as well as the rock itself, is sometimes stained by carbonate of cop- 
per. Next we meet with a small dyke of greenstone Trap. Thence 
we pass to red and brown micaceous sandstones of fine grain, and 
these, with occasional beds of similar colour but coarser texture, to- 
gether with several small ranges of green, occupy the next four 
miles. The rocks are now observed to become more soft and shaly, 
and continue with this character until within about three and a half 
miles of Aldie, when we meet with the coarse conglomerate usually 
found near the western margin of the tract. Beyond this, we have 
the red sandstone again for a short space, then a range of globular 
greenstone, followed by soft red shales, containing hard layers of 
sandstone; after which, occur two more ridges of greenstone, with 
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a small interval occupied by soft red and green shales; and finally, 
a width of about one hundred yards of these shales form the west- 
ern margin of the middle secondary about one fourth part of a mile 
east of Aldie. 

Referring next to a section in the line connecting Hikton and 
Warrenton, still beginning our observations at the eastern bound- 
ary, we find at the former point associated with the red, brown and 
grey sandstones, a dense slaty sandstone of an olive green colour, 
smoothly laminated and of remarkably fine grain. These red, 
brown and grey rocks continue for about one mile, when we come 
upon a range of green stone running north and south, two hun- 
dred yards in width. This rock is coarse, consisting of greenish 
Hornblende and white Felspar, both quite distinct, and the latter in 
some specimens so abundant, as to give the mass the appearance of 
a Sienite. Beyond this, the sandstone is dark green and slaty, bear- 
ing marks of having suffered some alteration from its proximity to 
the igneous mass. This is succeeded by red shale, which soon gives 
place to another range of green stone much decomposed and weath- 
ering in the globular concentric form. We now have green slaty 
sandstone followed by red sandstone and red shale, which with the 
addition of another small range of green stone occupy the remain- 
der of the distance to Germantown, (Shumate’s) near Licking run. 
Here we are presented with the igneous rocks on a more extensive 
scale, not in the form of a regular dyke or ridge, but as a number 
of protruding knobs or short ranges sometimes seen to coalesce 
with one another. The rock displays much variety of composition 


at different points. Towards its western edge it consists of globu- - 


lar concretionary masses of a dull greenish colour, embedded in a 
paste of similar aspect and composition. It here contains nodules 
of Chalcedony, enclosing crystals of Quartz, some of the Chalced- 
ony being disposed in numerous layers slightly varying in colour 
and thus forming a species of Agate. From this onwards the red 
sandstone and shale, with occasional bands of greyish and greenish 
sandstone, continue to within four miles of Warrenton, where the 
igneous rock again appears in considerable force, crossing the road 
seemingly in detached ledges for a distance of half a mile. Termi- 
nating on the east side of Turkey run, it is followed by a narrow 
strip of the red sandstone on the opposite bank, which here forms 
the western margin of the middle secondary rocks, about three and 
a half miles from Warrenton. 

As indicating the character and succession of the strata still 
more towards the south, an oblique section passing from the east- 
ern margin near the Fork meeting-house, through Stevensburg to 
Fairfax (Culpeper courthouse), will serve to complete the illustra- 
tions on this head, as far as they can with propriety be presented at 
this time. Commencing. at the point above mentioned, which is 
about six miles eastward of Stevensburg, after quitting the mica- 
ceous and other primary slates, we come upon the red shales of the 
middle secondary. These are soon followed by greenish and bluish 
slates, fine grained, compact and hard, and separating in slabs suit- 
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able for building. To these succeed red shales and sandstones, gen- 
erally of fine texture, with which are associated bluish and greenish 
sandstones and shales, frequently calcareous, and in some layers 
consisting of shot-like grains, containing a marked amount of car- 
bonate of lime, and slightly filmed with green carbonate of cop- 
per. Within about one and a half miles of Stevensburg we encoun- 
ter a dyke of green stone, of the variety commonly called Iron 
stone, of coarse grain and great hardness, and separating in large 
spheroidal masses. Adjoining this, the shale is of a greenish or 
olive hue, and greatly indurated. Similar altered rocks continue 
for most of the distance to Stevensbuwrg, presenting in some of their 
layers spots and distinct concretions of semi-crystalline matter of a 
lighter colour than the enclosing mass—evincing, even more strik- 
ingly than the increased hardness and heaviness of the rock, the 
modifying agency of igneous causes. Proceeding westwards, we 
have frequent alternations of bluish and red shales, as far as George- 
town, before reaching which, and just opposite the foot of Mount 
Poney, we meet with the anomaly of a northeastern dip among 
these rocks. Beyond Georgetown the shale, continuing its eastern 
dip, exhibits striking marks of alteration, having nearly the hard- 
ness of Hornstone, being specked with semi-crystalline matter, and 
so intersected with joints as almost to obliterate its stratification. 
This is soon followed by heavy beds of conglomerate, chiefly made 
up of huge pebbles, sometimes six inches in diameter, consisting of 
Epidotic, Chloritic and other rocks of the primary region, embedded 
in reddish shaly matter. These alternating with red shale and 
sandstone continue to the courthouse. 

In connection with these details, it is proper to mention that 
similar marks of alteration from igneous causes, are observed in 
nearly all the middle secondary rocks lying in the tract between 
Fairfax and Racoon ford. Indeed, in many instances, their semi- 
crystalline texture, density, dark olive green colour, and tendency 
to vertical cleavage, and something approaching to columnar form, 
give them at first view the aspect of some of the igneous rocks to 
whose agency they are no doubt indebted for the curious modifica- 
tions they have sustained. 

In alluding to the contents of the middle secondary strata in the 
various sections briefly described above, mention has been made of 
the occasional occurrence of coaly matter and of an ore of copper 
among them. In several localities the former has been met with, 
associated with a black wafery slate, having much the appearance 
of the shales often found adjacent to seams or beds of coal. This 
fact, taken in connection with the general resemblance of the mid- 
dle secondary strata to those accompanying coal in other regions, 
has given rise to the opinion that valuable deposits of that sub- 
stance are to be found among these rocks, and has led to explora- 
tions by means of diggings at various points where, from the dark 
colour and bituminous character of the slates, the object sought for 
was thought most likely to be concealed. In regard to this expec- 
tation, I feel called upon to remark, that after much careful ob- 
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servation, at the points where openings have been made, as well as 

elsewhere among analogous strata, and after an attentive inspection 
of the middle secondary rocks throughout the entire tract, 1 see no 
ground whatever for anticipating the discovery of any true coal 
seam within its limits, and that, as in the case of the southern 
tracts referred to in my report of last year, the coaly matter occa- 
sionally associated with these rocks, is contained in them only as 
derived from the vegetable remains scattered through some of the 
layers, or as films or thin seams of merely local extent. 

Hopes not less sanguine than those above alluded to, have like- 
wise been excited by the existence of the carbonate and other com- 
pounds of copper in the shales at several localities, and mining 
enterprises of no inconsiderable extent have been undertaken to 
explore the strata for these materials. But at none of the openings 
thus made, and in no parts of the middle secondary tract where the 
ores of this metal have been met with, have they presented them- 
selves in suticient quantity or in proper form for advantageous min- 
ing. Besides the green carbonate already mentioned as of frequent 
occurrence in the shape of films and specks, often associated with 
vegetable impressions, and contained in calcareous shales, the phos- 
phate and sulphuret have also been met with at several localities, 
but though sometimes in sufficient amount to furnish cavinet speci- 
mens of great beauty, the diffused condition in which they have 
thus far always presented themselves, furnishes no reasonable 
ground for the hope of meeting with them in a regular vein or de- 
posit, likely to be of economical value. 


CHAPTER VI. 


EASTERN DIVISION OF THE SOUTHERN PRIMARY DISTRICT AND 
THE COAL FIELDS OF CHESTERFIELD, POWHATAN, GOOCHLAND 
AND HENRICO COUNTIES. 


Our observations in the portion of the primary region lying 
south of the James river, not previously explored, were conducted 
by means of numerous transverse sections, extending from the east- 
ern boundary of the primary rocks to a line passing through Cum- 
berland, Prince Edward, Charlotte and Halifax courthouses, this 
line marking the general eastern limit of the explorations of preced- 
ing seasons. Combining with these the examinations made at in- 
tervening points, and connecting the whole of the results thus 
obtained with the minute investigations of former seasons in the 
western division of the southern primary tract, we are furnished 
with all the materials necessary for forming as correct a picture as 
need be desired of the geology of this widely extended area. 

As an important part of our observations in the district under 
consideration, and in that adjacent to it on the north, some time 
was devoted to the determination of the boundaries of the coal re- 
gion in Chesterfield and Powhatan counties, and of its counterpart 
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on the north side of the river in Henrico and Goochland counties, as 
well as of the small tract lying more towards the northeast, formerly 
referred to as the Dry run basin; and in addition to these observa- 
tions, chiefly confined to the margin of the areas occupied by the 
coal-bearing rocks, several sections were made across these tracts, 
and various details collected in regard to the workings now in prog- 
ress, not previously obtained. 

Omitting at this time a particular account of these observations, 
as being for the most part unintelligible without the aid of a geo- 
logical map and sections, I propose first, to describe briefly the 
course of several of the more important lines of section explored in 
the region on the south side of James river—stating in few words 
the prevailing characters of the rocks exposed; and secondly, to 
trace the outlines of the coal districts with as near an approach to 
accuracy as can be attained by referring to the state map. 

The first section commences at Falling creek on the Buckingham 
road, and extends by Powhatan courthouse to Cumberland court- 
house. The first eight miles nearly of this distance is across the 
coal field, presenting therefore no rocks but the sandstones, grits 
and slates of the coal measures. Beyond this, we have numerous 
alternations of Gneiss, Granite, Sienite, Hornblende Slate, Horn- 
blende Gneiss, with occasional beds or dykes of Trap, and veins and 
beds of Quartz. The dip, among the stratified masses, towards the 
southeast, and generally at a high angle. This connects with a 
section previously constructed, from Cumberland courthouse through 
Maysville, Warminster and Lovington, to the western side of the 
Blue Ridge at Tye river gap. 

The second section extends from Petersburg, by Amelia court- 
house to about three miles beyond Ligontown on the Appomattox 
river. This line of observation, lying a little south of the southern 
end of the coal field, is at the mouth of Winticomack creek, does 
not contain any of the coal rocks, but displays a broad band of pri- 
mary slates a little east of what would have been the extension of 
the coal field. In other respects the rocks presented along the sec- 
tion agree in general character with those of the preceding. 

The third section commences at a point on the Petersburg and 
Roanoke rail-road, about ten miles south of Petersburg, and passing 
through Dinwiddie courthouse and Nottoway courthouse, terminates 
at Prince Edward courthouse. The rocks chiefly met with are 
Gneiss, Sienite, Hornblende, Slate and Trap, together with the ex- 
tension of the band of primary slates noticed in the last section, 
which is here contracted to a much less width. 

This connects itself with a section previously formed, extending 
from Prince Edward courthouse through AmAerst courthouse, and 
over Long mountain to the Blue Ridge. 

The fourth section extends from Lel/field on the Meherrin river, 
through Brunswick and Lunenburg courthouses to Charlotte court- 
house. The chief peculiarities presented in this line, are the in- 
creasing abundance of the Hornblende Slates and Hornblende Gneiss, 
the occurrence of Chilorite, associated with numerous bands of 
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Quartz towards its western termination, and the entire disappear- 
ance of the belt of primary slates towards the east. This section 
unites with a previous line of observation extending from Charlotte 
courthouse through Campbell courthouse, New London and Liberty, 
and terminating in the valley beyond Buford’s gap. 

The fifth section commences at Sellfield, and extends through 
Boydton to Abbyville on the Stawnton river. The most marked 
peculiarity observed in this line is the increase of Chloritic and Tal- 
cose matter in the rocks observed between Boydton and Staunton 
river, and the occurrence of beds thus impregnated, of a quality ad- 
mitting of their being wrought as a variety of soapstone. 

The sixth section extends from Weldon in North Carolina 
through Ridgway and Clarksville to Halifax courthouse. On this 
line, the greenish Chloritic and Talcose rocks are largely expanded 
between Ridgway and Clarksville. The Roanoke exposes in its 
course extensive and valuable bodies of Sienite and Hornblendic, as 
well as Felspathic Gneiss, furnishing excellent building materials, 
which have attracted attention and are worthy of being extensively 
wrought. This section, terminating at Halifax courthouse, unites 
there with a previous line of observation, extending through Com- 
petition and Rocky Mount in Pittsylvania and Franklin counties to 
the Blue Ridge near the Bent mountain. 

In the detailed profiles of these and other sections now in prog- 
ress of construction, the several important bands of rock will be 
laid down in their proper order and proportion, and with their ob- 
served dips, so as, in connection with lateral observations, to con- 
vey a more faithful representation of the geological structure of 
this region than would be practicable by any amount of merely ver- 
bal detail. 

Proceeding now to a compendious sketch of the outlines of the 
coal regions lying in Chesterfield, Powhatan, Henrico and Goochland 
counties, we may commence our tracing on the southern bank of 
the James river, a little west of the United States arsenal. From 
this point it extends in an irregular line, having a general direction 
nearly due south to the Chesterfield turnpike, which it crosses about 
two hundred yards west of Falling creek and near the well known 
Black Heath pits. Hence continuing nearly in the same direction, 
and maintaining a course a little east of the road leading from the 
pits, south to the Genito road, and passing through the western 
part of St. Leger farm, it crosses Swift creek a short distance be- 
low the mouth of Dry creek. Continuing in this direction and a 
little east of Dry creek for a short distance, it now bends around to 
amore westwardly course, and striking the creek near its head is 
. prolonged in a line about 8. 2° W., which runs east of Winterpock 
creek, until within about half a mile of the Petersburg and Bevil’s 
bridge road where it crosses it, and maintaining nearly the same 
course strikes the Appomattox river about one mile above Eppes’s 
falls. 

From this point the boundary of the coal rocks coincides with 
the course of the river as far as Winticomack creek, little or no in- 
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dications of these rocks being met with on the south side. At the 
mouth of Winticomack and for a very short distance up the stream 
a small patch of them is seen, but unassociated with coal. Now 
abruptly turning to the northwest and following very nearly the 
course of the river, the boundary line strikes very obliquely across 
and is marked by primary rocks about one mile below Bevil’s 
bridge, whence it passes to the mouth of Sappony creek and follows 
* the course of the river to near Goode’s bridge, presenting one or 
two small patches of the coal rocks on the south side. From this 
point, assuming a course nearly due north, it crosses the road from 
Colesville to Genito, about half a mile east of Skinquarter creek, 
and continuing a little east of that creek, crosses the road from 
Chesterfield courthouse to Genito, about half a mile from the 
stream. Thence it is extended so as to intersect Swift creek about 
one mile below the road from Genito to the main Buckingham road, 
and crosses the latter about half a mile east of their junction. From 
this, it bends more eastwardly, pursuing the Dittoway branch of 
Jones’s creek, and then the creek itself for some distance, it crosses 
the James river in a line east of northeast, passing on the north side 
by Dover church and intersecting the broad branch of Tuckahoe creek 
a short distance above its mouth. Continued thence, it intersects 
the Three Chopped road a little east of Big Tuckahoe creek and 
rounds off in the triangle formed by the Manakintown ferry road, 
the Pounce’s Tract road and the Three Chopped road. Now re- 
crossing the last pamed road about half a mile east of Little Tucka- 
hoe creek and intersecting the Main Tuckahoe near Woodward’s 
pits, it continues to the James river, which it strikes opposite to the 
point at which the tracing commenced. The length of this area 
from its most northern to its most southern termination is about 
thirty miles. Its greatest breadth about eight miles. 

In the outline as above sketched, no notice is taken of the small 
outlying basins on the eastern margin of the field in Chesterfield or 
of the narrow prong of coal measures lying west of Jones's creek on 
the south side, and west of Sampson’s hill on the north side of the 
river. This prong presenting itself as a very narrow and shallow 
basin on the north side, extending but a short distance from the 
river, coalesces with the main basin on Dittoway branch and the 
upper part of Jones’s creek, the ridge of primary rock by which it 
is cut off gradually flattening down as it extends southwardly. Ina 
similar manner, several other ridges of primary rock entering the 
basin near its northern margin, divide it into a number of small di- 
verging branches, each of which has its proper boundary, but all, by 
the flattening of these ridges, coalescing not far from the general 
outline above laid down. The shape and manner of connection of 
these branches with the main field, as well as the form and position 
of the small outlying basins, can only be made apparent by a prop- 
erly constructed map. 

Nearly opposite to the extreme northern part of this coal field, 
and separated by about three miles of primary rocks, lies the small 
coal tract, known as the Springfield and Deep Run basin. It is 
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about two miles in length and a quarter of a mile in width, its 
most southern termination being near Deep Run church, its most 
northern a short distance south of Chickahominy river. 


CHAPTER VII. 
OPERATIONS IN THE GREAT WESTERN COAL REGION. © 
Section I. 
General Sketch of the Region explored. 


In presenting the following brief sketch of our operations dur- 
ing the past season, in the great western coal region, it may be 
well to remind the reader of the general features of this extensive 
tract, as described in my report of last year, and to recur to the 
several groups of strata, which, according to a regular order of 
superposition, present themselves in successive zones upon its sur- 
face. Bearing in mind that this region forms a part of a vast basin 
of coal-bearing rocks, whose eastern margin entering our state from 
Pennsylvania, passes entirely across it into Kentucky and Tennessee, 
it will at once be obvious that the lowest of the series of strata 
which it includes, however deeply buried by the incumbent rocks 
towards the centre of the area, must make their appearance upon 
its surface throughout a zone of greater or less width lying immedi- 
ately within the boundary of the basin, and that groups successively 
higher and higher in the series will be brought to view in zones 
lying still more towards its interior. The general northwestern dip 
of the strata on the Virginia side of the great basin from the Penn- 
sylvania to the Kentucky line, and their southwardly dip toward- 
its northern extremity, indicate the direction in which lines of ob- 
servation should be chosen best suited to develop the various strata 
comprised in each of the great groups, while they evince the impor- 
tance of the natural sections formed by the Great and Little Kana- 
wha, the Sandy and other westwardly flowing streams, as well as of 
the Ohio river throughout its entire course along the western bounds 
ary of the state. . 

Examinations made along these lines, as well as shorter sections, 
together with extensive longitudinal tracings of particular seams of 
coal and their accompanying rocks, have shown that the series of 
strata by which this vast surface is overspread, observing a regular 
order of superposition, naturally arrange themselves into four great 
groups. The first or lowest of these groups, resting on the coarse 
sandstone or conglomerate of formation XII. described in former 
reports as constituting the floor upon which the coal measures are 
outspread, containing several seams of coal, of which generally one, 
and sometimes two or three are of sufficient extent to be of great 
economical importance, may be designated as the Lower coal group. 
Occupying the zone next to the margin of the basin, it is sometimes, 
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as on the Kanawha above Charleston, expanded over a wide area 
by broad undulations of the strata, and sometimes, as along the 
western flank of Laurel Hill, made to disappear at no great distance 
within the basin by the uninterrupted and somewhat rapid dip of 
the strata towards the northwest. The rocks comprehended in this 
group, with the exception of the shales and slates immediately asso- 
ciated with the coal seams, are, for the most part, coarse micaceous 
sandstones of a grey and light brownish colour, composing thick 
and massive layers, but little blended with softer shaly strata—with 
these are associated beds of limestone and the most important seams 
of iron ore met with in the coal measures. 

Next above, we have a series of strata comprising reddish and 
bluish shales and slates, and grey, bluish and brown micaceous sand- 
stones, destitute of coal, or containing very thin seams of local ex- 
tent. Beds of limestone, sometimes numerous and important, are 
also included in this group, and the black flint described in my re- 
port of last year as marking the upper boundary of the lower coal 
series on the Great Kanawha, is found towards its base. This may 
be called the Lower shale and sandstone group. 

Still higher in the series, and occupying a zone still more re- 
moved from the margin of the basin, we have a group consisting of 
grey, brownish and greenish micaceous sandstones, reddish and 
greenish shales, and beds of limestone, in some districts of great 
thickness, together with several seams of coal, and more especially 
the great seam which shows itself so extensively in the neighbourhood 
of Pittsburg, Wheeling, Uniontown, Morgantown, Clarksburg, Po- 
cotalico creek and other points in our coal region hereafter to be 
noticed. 

To this series of strata we may give the name of the Upper coal 
group. Resting upon this we find an extensive series of rocks con- 
sisting of grey micaceous and felspathic sandstones, together with 
reddish and greenish shales, more or less calcareous, and containing 
occasionally thin beds of limestone, but entirely destitute of coal. 
This overspreading the central portions of the basin, comprises the 
highest strata of our great western coal measures, and may be termed 
the Upper shale and sandstone group. 

Directing our observations to the systematic tracing of these 
several groups, with the view of defining, as nearly as practicable, 
the zones of surface over which they are spread out, and pursuing, 
from point to point, the more important seams of coal or strata of 
limestone, or other valuable materials met with in the respective 
groups, our operations during the past season, conducted by means 
of sections and longitudinal tracings were extended over a wide 
area, portions of which had not been hitherto explored, comprising 
chiefly the following districts: 

First.—The valley of the Great Kanawha, from the falls to Point 
Pleasant, with a portion of the region lying towards the southwest 
as far as the valley of Big Sandy. 

Second.—The valley of the Little Kanawha, from the neighbour- 
hood of Bulltown to Parkersburg, on the Ohio. 


486 


Third.—A large portion of the region lying between the Little 
Kanawha and the Pennsylvania line, including the valley of the Mo- 
nongalia as high up as the neighbourhood of Clarksburg. 

FKourth.—TVhe valley of the Ohio river from the northern ex- 
tremity of the state to the mouth of Big Sandy at the Kentucky 
line. 

In the northwestern district, as well as the valley of the Ohio 
and Great Kanawha rivers, our observations, as far as they were 
extended, were in general carried on with all the minuteness requi- 
site for the economical and scientific purposes of the survey; but in 
the valley of the Little Kanawha, and the neighbouring regions on 
both sides, and in the tract lying between the Great Kanawha and 
Sandy, they were of a cursory or preliminary nature, being designed 
as a basis for the more thorough exploration of the ensuing season. 

Dispensing with a detailed account of the various results of our 
investigations in these several quarters of the great coal region, I 
shall confine myself to a brief description of the several] strata com- 
prised in the three lower and more important of the groups above 
defined, in the order in which they occur. 

First.—In a section extending from the commencement of the 
coal measures on the west side of Laurel Hill in a northwestwardly 
direction to the lower strata of the upper group; and 

Secondly.—In a section along the Ohio river from the northern 
extremity of Brooke county, the most northern point of the state, to 
the mouth of Big Sandy river at the Kentucky line. 


Seotion II. 


Strata comprised in the Three Lower Groups as displayed in a Sec- 
tion across the Monongalia Valley. 


The following section, exhibiting in detail the various beds of rock 
and coal seams, included in the three lower groups above described, 
comprises the results of a continuous series of observations, com- 
mencing at the western base of Laurel Hill, following the course of 
Decker’s creek to its mouth, thence pursuing the Monongalia river 
to the mouth of Scott’s run, and continuing up the run to the ter- 
mination of the section. . 

As remarked in my report of last year, the anticlinal arrange- 
ment of the rocks in Laurel Hill brings to view, towards its top, 
and in the deep channels of the streams by which it is intersected, 
rocks subjacent in geological order to the lowest of the coal meas- 
ures, and appertaining to formations XI. and XII. of the Appalachi- 
an series. Along the natural section formed by Decker’s creek in 
its passage through the mountain, the broad arch of these rocks 
may be distinctly traced, presenting near the centre the sandstones 
and limestones of XI., and towards the flanks of the ridges, the 
sandstones and conglomerates of XII. 

Omitting for the present, any notice of the former, of which as 
occurring in this and the parallel axes towards the east, some de- 
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tails were presented in my last report, I will commence the account 
of the section now proposed to be described with formation XII. 


FORMATION XII. 


This consists of a coarse siliceous sandstone, parts of which are 
conglomeritic, the pebbles being small and not numerous. It is of 
a grey and greyish white colour, is compact and not easily broken, 
and contains some felspathic sand. 

This rock forms the superior part of the Laurel Hill axis, and in 
the line of the present section, is folded entirely over the mountain, 
disappearing below the bed of the creek on the eastern side, a little 
above the falls, and on the western a little below Gooseman’s 
bridge. At the falls it is well exposed, dipping towards the south- 
east, and forming a natural dam, which causes still water in the nar- 
row channel for some distance above, and it is also seen rising in 
heavy ledges along the flank of the mountain, to a considerable 
height above the stream. Here, and lower down the creek huge 
fragments of the rock are crowded together in its channel, obstruct- 
ing the flow of the stream, and almost concealing it from view. 
Some of these masses, which have tumbled down from their posi- 
tion in the great arch above, have the dimensions of a small house. 
At its western exposure, in the neighbourhood of Gooseman’s, it is 
scarcely necessary to say that its dip is towards the northwest, and 
that its western or upper surface marks the commencement of the 
series of strata already designated as the lower coal group, to the 
detailed description of which, and the succeeding groups comprised 
in the present section I now proceed. | 


LOWER OOAL GROUP, OR FORMATION XIII. 


No. =F. 


Shale.—Colour yellowish grey and dun, argillaceous, grain gener- 
ally fine, structure laminated. On exposure to the atmosphere, it 
disintegrates into clay. Near the bottom of this stratum is an ir- 
regular band of iron ore, sometimes forming a continuous layer, 
but occurring in the form of nodular masses, varying from two to 
twelve inchesin diameter. It is an impure proto-carbonate of iron, 
covered with layers of hydratic peroxide, produced by the decom- 
position of the carbonate. Its colour within, is grey and greyish 
dun, on the outside yellowish brown. Its grain is coarse, and frac- 
ture irregular and sometimes earthy. 

This ore is generally of inferior quality, but has been extensively 
used at the neighbouring furnace. It has been discovered in iso- 
lated patches at numerous places on the slope and towards the sum- 
mit of the mountain, and has been mined at various points along its 
western base. It disappears below the bed of the creek, between 
Gooseman’s bridge and the furnace, from a third or half mile be- 
low the former. 

Its average thickness is estimated at 1 foot, that of the shales in 
which it is contained being about 6 to 10 feet. 
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No. 2. 


Sandstone.—Colour very light grey; grain fine, moderately com- 
pact; structure slaty, separating in flags from one to six inches 
thick. It contains some imperfect specimens of vegetable fossils, 
mostly of the genus Lepidodendron. It is a very good firestone, 
and has been used for this purpose at the neighbouring furnace. 
Thickness about 4 feet. 


No. 8. 


On the line of section, the strata at this point are concealed, but 
from disclosures in other places, there is reason to believe that 
they consist principally, if not entirely, of shales containing some 
iron ore. Further examination will be required to determine their 
true nature and extent; and such examination is rendered particu- 
larly important, by the consideration that this unobserved interval 
occupies a place in the series analogous to that in which some of 
the valnable beds of iron ore on Cheat river, resorted to by the 
Henry Clay and other furnaces are embraced. 


No. 4. 


Sandstone. — Colour greyish white, sometimes with a yellow 
tinge, due to oxide of iron. Grain coarse and siliceous; contains 
some felspathic sand. Though of a variable character, this rock is 
usually compact and not easily wrought. It has been used for fur- 
nace hearths. It disappears beneath the creek a little below the 
furnace. In some places, as in the vicinity of Cheat river, this rock 
so closely resembles formation XII. that the one might readily be 
mistaken for the other. Thickness from 25 to 30 feet. 


No. 5. 


Shale.—In part bituminous, imperfectly disclosed. Thought to 
contain iron ore—yet to be examined. Thickness 15 to 20 feet. 


No. 6. 


Coal.—In some places this seam consists entirely of the irised or 
peacock variety. At an opening on the side of. Laurel Hill, south 
of Decker’s creek, and about a mile southeast of the furnace, this 
character is very strikingly displayed. The coal is there quite fri- 
able, breaking into small irregular fragments; its quality tolerably 
good. Thickness 18 inches to 24 feet. : 


No. ie 


Flaggy Sandstones and Shalés,—The strata are but partially dis- 
closed, but so far as observed, are of the above character. They 
are supposed to include iron ore. About two miles northeast of 
the furnace, a seam of ore has been slightly wrought, which is 
believed to lie among these rocks. This is to be further explored. 
Whole thickness about 30 feet. : 
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No. 8. 
Coal.—A thin seam, about one foot thick. 


No. 9. 


Flaggy Sandstones and Shales.—Much concealed by slides, but 
towards the upper part containing nodules of hydrated peroxide of 
iron, to what extent remains to be determined. ‘Thickness about 
40 feet. 


No. 10. 


Limestone.—Colour variable, blue, grey and dun. Some portions 
yellowish and ferruginous, with small cavities containing yellow 
ochre. It isa compact rock, of a fine grain and conchoidal frac- 
ture. For a few inches near its upper surface, it is yellow, and so 
highly ferruginous, as in some places to constitute a calcareous iron 
ore. Occasionally a seam of shale, about a foot thick, is found rest- 
ing upon this, and above the shale another bed of limestone about 
a foot thick. This rock sinks below the creek at a point about 
three fourths of a mile below the furnace. It is likewise met with 
on Aaron’s creek, a tributary of Decker’s, at a locality which has 
been examined. It is generally of good quality, and has been found 
valuable as a source of lime and as a flux; for which latter purpose, 
it has been used at the furnace. Thickness about 3 to 4 feet. 


wo, 11. 


Shale-—Colour dun and grey, or bluish grey; argillaceous; 
grain fine; structure lamellar. This stratum contains nodular 
masses of iron ore, consisting of proto-carbonate of iron within, and 
concentric layers of hydrated peroxide on the outside. It is of 
good quality, but in too small quantity to be of much value. Thick- 
ness 8 to 10 feet. 


No. 12. 


Sandstone.—Colour grey; micaceous; grain fine, rather com- 
pact; quarries into flags. ‘Thickness 5 feet. 


No. 13. 


Shale.—Colour dark blue; argillaceous; grain fine; structure 
laminated. 

The lower part of this stratum includes a layer of nodules of 
iron ore, varying in size from a small pebble to more than a foot in 
diameter. It is a rich ore, consisting of the proto-carbonate, coated 
with hydrated peroxide, and was the material chiefly used at the 
furnace. For its composition, the reader is referred to my report 
of last year, pages 155, 156, 404, Nos. 14 and 15. It was mined on 
the side of Laurel Hill, in a southeasterly direction from the furnace. 
The average thickness of the band of ore is from 6 to 10 inches, 
that of the shales from 6 to 8 feet. 
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No. 14. 


Coal.—Of moderately good quality. Disclosed on Aaron’s and 
Decker’s creeks. Thickness 1 to 2 feet. 


No. 15. 


Shale.—Argillaceous; colour bluish and dun; grain fine; struc- 
ture laminated; contains a few scattered nodules of iron ore of len- 
ticular form. Thickness 12 feet. 

Coal.—F riable, having a tendency to break into small rhombic 
pieces. Parts of this bed are rendered impure by the presence of 
sulphuret of iron, but towards the centre it is remarkably free from 
that mineral, and is hence regarded as of superior value for smith’s 
purposes. It dips below the bed of Decker’s creek about one mile 
below the furnace, and has been wrought at several places in the 
valley of the creek and on its tributaries. It has also been mined 
in the bed of the run, about three fourths of a mile north of Goose- 
man’s bridge, and on a stream about the same distance southeast of 
the furnace, as well as on the main creek at about the same distance 
below the furnace. It shews itself in the bed of Aaron’s creek 
about two miles from its mouth, amd traced in a southwesterly di- 
rection, crosses Booth’s,"Thom’s, White Day, &c. creeks. Thickness 
34 to 4 feet. 

No. 16. 


Shale.—The lower part of this stratum, resting upon the coal 
seam above described, (15,) is often black and bituminous, and 
where disclosed on the run which empties into the creek near the 
furnace is very compact, has a conchoidal fracture, and is sometimes 
irised, bearing a strong resemblance to cannel coal. It is here 
some 10 or 12 feet thick. 

The upper part is argillaceous; colour pe: or dun; structure 
laminated. This, at the locality above referred to, is about 12 feet 
thick, but at other places much thicker. Aggregate thickness 30 to 
40 feet. 

No. 17. 


Coal.—A thin seam, which dips below the bed of Decker’s 
creek, alittle above the old forge. Thickness about 1 foot. Above 
this coal is a bed of shale. Thickness 5 to 6 feet. 


No. 18. 


Sandstone.—Siliceous, containing some Felspathic sand; colour 
light grey; grain coarse, rather compact, but becoming less so as 
the bed is traced further towards the west from Laurel Hill. This 
rock admits of being quarried in layers of from a few inches to sev- 
eral feet in thickness. 

The lower part of this stratum descends to the bed of Deck- 
er’s creek, near the old forge, but owing to the diminishing steep- 
ness of the dip in going towards the west, together with the rapid 
descent of the creek in the same direction, the upper part of the 
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stratum continues above the bed of the stream to Morgantown, 
where it is exposed in the bed and on the banks of the creek near 
its mouth in a thickness of from 20 to 30 feet. A little below Mor- 
gantown it sinks below the bed of the Monongalia river. 

Tracing this important stratum along the Monongalia above 
Morgantown, it is seen gradually rising above the bed of the river 
forming a heavy ledge, partially concealed along the river hills, and 
at the distance of about one mile above the town its elevation is 
such as to bring to view the underlying strata as far down as the 
coal seam No. 15, above described, which is here found in the bed of 
the river, and was formerly wrought to supply the town before 
the main seam of the upper coal group was discovered high up in 
the hills. 

On Booth’s creek, about one third of a mile from the river, this 
stratum is seen forming a precipitous ledge some 60 or 70 feet high, 
known by the name of the ‘‘ Raven rocks.” 

Here the rock is less compact than near the mountain, disinte- 
grating by exposure, and, as is common among the sandstones of 
the coal measures, presenting cavities of various shapes and sizes 
upon its weathered surface, produced by the removal of the more 
friable portions of the mass. * 

This stratum is also disclosed with the same general characters, 
on Cheat river, White Day creek, Pricket’s creek, &c. &c. In some 
places, it forms a good building material, and has been used in con- 
structing the abutments of the bridge recently built over Decker’s 
creek at Morgantown. 

This is the highest stratum of the lower coal group, and its up- 
per surface forms the floor upon which the beds of the next superi- 
or group repose, to wit: the 


LOWER SHALE AND SANDSTONE GROUP, OR FORMATION XIV. 


This series of beds, included between the lower and upper coal 
groups, composed principally of shales, but including some beds of 
sandstone and thin seams of coal, rarely of any workable extent, 
comprises the following strata: 


No. 1. 


Shale.—Argillaceous ; colour variegated brown and red; grain 
fine; general structure laminated. Near its lower part, this stra- 
tum contains an irregular band of iron ore, from 6 to 8 inches thick. 
Like the ore No. 5, preceding, it is a proto-carbonate, covered with 
a coating of hydrated peroxide. It is of a grey colour, coarse 
grained, and rough irregular fracture. Where mined near the site 
of the old forge, it is quite impure, nor is it likely to prove of much 
value at other points, though in mixture with the ores of better 
quality, it was used at the furnace. At the forge it is from 40 to 
50 feet above the bed of the creek, and continues in view to Mor- 
gantown, sinking beneath the Monongalia a short distance below the 
town. ‘Thickness of the shale 10 feet. 
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No. 2. 


Sandstone——Micaceous; colour grey; grain rather coarse, but 
variable; structure tending to slaty. This bed varies greatly in 
thickness at different points, sometimes thinning out or passing into 
shale. Near the old forge it is twenty feet, at Morgantown much 
less, and at some places assumes the character of merely a shaly 
sandstone. Thickness 20 feet. 


No.3. 


Shales.—Argillaceous; variegated ; colour brown, olive, dun and 
reddish; structure laminated. An irregular seam of iron ore oc- 
curs towards the bottom of this stratum, of which some use was 
made at the furnace. Though concealed by the filling up of the 
pits, the seam as formerly wrought is known to have an average 
thickness of about six inches and to be of moderately good quality. 
It is occasionally calcareous. A few feet above this occurs an irreg- 
ular course of nodules of sufficient thickness in some places to have 
been found valuable. Both this and the other seam, however, are 
very variable as to quantity, not unfrequently thinning out entirely. 

The upper part of this stratum sometimes includes a little bitu- 
minous shale, and probably very thin local patches of coal. Thick- 
ness about 20 feet. 

No. 4. 


Limestone.—Colour dark blue or bluish black; grain moderately 
fine; fracture sometimes conchoidal, sometimes irregular. This 
stratum furnishes a lime which, according to my experiments, is ca- 
pable of setting under water with great promptness forming a very 
hard mass. For the details of its composition see the report of last 
year, page 151 (899). Localities Rogers’ mill and the ravine near 
Morgantown. 

No. 5. 


Shales.—Argillaceous; variegated; colours brown, dun and red- 
dish; grain generally fine; structure laminated; sometimes con- 
taining nodules composed of calcareous and ferruginous matter 
blended. These shales are in many places partially concealed. 
Where observed in the ravine at Morgantown and the valley of 
Decker’s creek, their thickness varies from about 85 to 50 feet. © 


No. 6. 


Limestone.—This is the position of a thin band of limestone not 
disclosed in the ravine at Morgantown or on Decker’s creek, but 
which occurs on Aaron’s creek about a mile from its mouth. It has 
been used for burning into lime. It is ferruginous, dark coloured 
and compact, and where seen has a thickness of about 10 inches. 


Nowhex: 


Shale.-—Argillaceous; colour grey or dun; structure laminated. 
Where observed on this section in the ravine at Morgantown it is 
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partially concealed, but as well as could be determined its thickness 
is 10 feet. 
No. 8. 


- Limestone.—Colour yellow; very ferruginous; exfoliates on ex- 
posure to the atmosphere; grain moderately fine; fracture earthy. 
At the place of observation in the section it is quite impure, though 
it effervesces briskly with acids. Thickness 3 feet. 


No. 9. 


Shales.—Argillaceous; variegated; colours brown, dun and red- 
dish ; structure laminated. This stratum contains some calcareous 
nodules, imperfectly disclosed in the ravine at Morgantown. Esti- 
mated thickness 30 feet. 

No. 10. 


Coal.—This is a thin seam of inferior quality, sometimes passing 
into bituminous shales. It is exposed on a run about two miles 
from the mouth of Decker’s creek, but was not seen in the ravine 
at Morgantown. Thickness 1 to 14 feet. 


No. 11. 


Fossiliferous Shale.—Calcareous; sometimes passing into lime- 
stone; colour generally greyish and bluish, but sometimes nearly 
black; containing numerous fossil shells of various genera and 
species. This stratum may be seen at several places along Deck- 
er’s creek from the mouth of the ravine at Morgantown nearly as 
high up the stream as the old forge. Estimated thickness about 8 
feet. 

No. 12. 


Sandstone.—Colour dark brown, with a bluish green tint; grain 
fine; compact, tough; fracture irregular, very difficult to break. 
Thickness 5 feet. 

No. 13. 


Shales and Flaggy Sandstones.— Colour of former variegated, 
brown and reddish; the latter are grey and micaceous. The shales 
contain some nodules of impure iron ore. These rocks being but 
imperfectly disclosed, cannot here be fully described. Thickness 
about 40 feet. 

No. 14. 


Coal.—This seam and the smaller one, No. 10, appear to attain 
greater importance along the line of the present section than at any 
other points in which the intermediate group has been examined. 
Indeed, in no other places have the strata of that group been found 
to include any seam of workable extent. The structure of this coal 
is slaty. It contains some sulphuret of iron, but may be considered 
of moderately good quality. On Decker’s creek it has been wrought 
at several places as high up as the old forge, where it runs out on 
the tops of the hills. At one of these openings on the land of Mr. 
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Wells, it is about three feet thick, and lies at a height of about 170 
feet from the bed of the stream. At Morgantown its height above 
the creek is nearly the same, its dip corresponding with the fall of 
the stream. It sinks below the bed of the Monongalia river, above 
the mouth of Scott’s run, and about two miles below Morgantown. 
Thickness 24 to 3 feet. 

No. 15. 


Shale.—Colour grey, sometimes bluish; character varying at dif- 
ferent places. Thickness 10 to 15 feet. 


No. 16. 


Conglomerate.—This curious stratum composed of a mixture of 
fragments of limestone, iron ore and Quartzose sand and pebbles, 
varies greatly at different points, as well in thickness as in composi- 
tion. In some places the materials are fine, consisting chiefly of 
iron ore, and the stratum not more than three or four inches thick, 
in others they are much coarser, containing fragments six or eight 
inches in diameter, and the stratum is then enlarged to a thickness 
of four or five feet. The fragments, though sometimes angular, 
are in general rounded, and by this and their large size, indicate the 
continued and violent action of currents, probably of local extent, 
which preceded and attended their deposition, where they are now 
found. Thickness from 3 inches to 6 feet. 


No. 17. 


Sandstone.— Colour yellowish brown, sometimes grey; grain 
rather coarse. This rock contains some Mica and felspathic sand. 
It admits of being quarried in blocks from 6 inches to 3 feet thick, 
is well adapted for some architectural purposes, and has been thus 
employed at Morgantown. On our line of section it runs out, or 
has its eastern boundary in the hills, alittle above the old forge, and 
continued in a northwestern direction, sinks below the bed of the 
Monongalia river, at or very near the mouth of Scott's ran. Thick- 
ness according to estimation at different points, 25 to 35 feet. 

The strata included between the sandstone (17,) above described, 
and the base of the upper coal group, in other words, all the re- 
maining beds of the intermediate group of shales, sandstones, &c., 
I am now describing, are, to a great extent, concealed at Morgan- 
town, as well as in the river hills between that place and the mouth 
of Scott’s run, where, as above mentioned, the last described rock, 
No. 17, is at or very near the level of the river bed. Quitting Deck- 
er’s creek and the river, therefore, the section is continued by re- 
suming the enumeration of the rocks at the river level, at the mouth 
of this run, and describing the strata as they are disclosed in ascend- 
ing the stream in a northwestwardly direction. 


No. 18. 


Shale.—Colour brown, or olive brown, grain fine ; structure lam- 
inated. About three feet of the upper portion contains calcareous 
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nodules. Thickness at the place of observation, mouth of Scott’s 
run, estimated at 15 feet. 
No. 19. 


Limestone. —Ferruginous; weathered surfaces bright yellow ; ex- 
foliates on exposure to the atmosphere. In some places the inte- 
rior portion is of a light drab colour, and a compact fine grain. 
Thickness 8 to 4 feet. 


No. 20. 


Shale.—Nearly all concealed, but giving indications that it con- 
tains a little coal or bituminous shale. Thickness 10 feet. 


No. 21. 


Limestone.—The lower part of this bed is of a grey colour, com- 
pact, fine grained, and has a conchoidal fracture; the upper part is 
ferruginous, and exfoliates on exposure to the atmosphere; weath- 
ered surface bright yellow; interior compact, and of a bluish col- 
our. Whole thickness 3 feet. 

Immediately upon this bed of limestone rests a band of shale. 
Thickness 1 foot. . 

No. 22. 


Limestone.—Somewhat ferruginous; weathered surface yellow, 
but does not exfoliate. In the interior, colour bluish; compact; 
grain fine; fracture conchoidal. Thickness 3 to 4 feet. 


No. 23. 


Sandstone.—Colour yellowish brown; grain coarse; compact. 
Thickness 1 foot. 
No. 24. 


Sandstone.—Micaceous; colour bluish grey; grain fine; struc- 
ture laminar; in the lower part including a little shale. Thickness 
24 feet. 

No. 25. 


Shaly Sandstone.—Colour bluish grey. This bed contains lentic- 
ular masses of iron ore, apparently the carbonate, of a bluish tinge, 
placed with their flattened sides parallel to the lines of lamination, 
varying from the size of a walnut to masses weighing several 
pounds. Thickness 4 feet. 


No. 26. 
Shale.—Oolour bluish. The lower part of the bed is argilla- 
ceous, of a fine grain, and laminated structure; the upper is some- 


what siliceous, of coarser grain, and verging to the character of a 
shaly sandstone. Thickness 22 feet. 


No. 27. 


Limestone.—Oolour bluish or dun, weathered surface yellow; 
grain fine; fracture conchoidal. ‘Thickness 14 feet. 
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No. 28. 


Sandstone.—Micaceous ; colour bluish; grain fine; structure 
laminar. The upper part of the bed is hard and compact; the 
lower much less so, and sometimes graduating into shaly sandstone. 
In some cases the lines of lamination are oblique to the plane of 
stratification, having an inclination towards the northwest. Thick- 
ness 10 feet. 

Nos. 27 and 28, together with 2 or 3 feet of the upper part of 
26, form the falls of Scott’s run, at Boyer’s, about half a mile above 
its mouth. 24 and 5 are seen a little below the mill. 


No. 29. 


Sandstone.—Colour bluish; weathered surface yellowish brown; 
exfoliates on exposure to the atmosphere. This rock has been used 
for whetstones, and is said to be of some value for this purpose. Lo- 
cality, Boyer’s mill. Thickness 5 feet. 


No. 30. 
Shale.—Colour olive brown; grain rather fine; structure lami- 
nated. Locality Boyer’s mill. Thickness 4 feet. 
Nos. 31 and 382. 


Sandstone.—Micaceous; grey, of fine grain, laminar; unchanged 
by the weather. Thickness 7 inches. 
Shale.—Mostly concealed. Thickness 3 feet. 


No. 33. 


Limestone.—Colour bluish, sometimes tinged with brownish 
red; weathered surface yellow; grain moderately fine; compact; 
fracture splintery. Locality near Boyer’s mill. Thickness 14 feet. 


No. 34. 


Shale.—Mostly concealed, containing some nodules of iron ore. 
Locality same as above. Thickness 7 feet. 


No. 35. 


Limestone.—Very impure; colour brown; compact; fracture 
irregular; slightly micaceous. Locality same as above. Thickness 
3 feet. 

No. 36. 


Shale.—Too much concealed to admit of being accurately de- 
scribed. Estimated thickness 10 feet. 


No. 87. 


Sandstone.—This stratum presents great and rapid variations of 
character. It is micaceous, and contains some felspathie sand, and 
is generally of a light grey colour. In some places, it is compact 
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and sufliciently durable to be used for building; in others, quickly 
disintegrating on exposure to the atmosphere. (As disclosed on 
Scott’s run it presents a striking illustration of the sudden changes 
of composition frequently occurring in the strata of the coal meas- 
ures.) <A little below Tribbet’s mill, it includes a thin stratum of 
limestone of sufficient purity to be burnt for lime, but by one of 
those sudden changes so frequently occurring in the strata of the 
coal measures, this calcareous band is seen as we descend the stream 
passing rapidly, though by insensible gradations, into a sandstone 
(into which in a distance of a few rods it is entirely transformed,) 
so that in the distance of a few rods the transformation is complete. 
This sandstone dips beneath the bed of Scott’s run a little below 
Tribbet’s mill, and about three fourths of a mile above the mouth 
of the run. Thickness 25 to 30 feet. 


Nos: 38 and 89. 


Shale and Coal.—The former is imperfectly disclosed. Thick- 
ness 3 feet. The Jatter is of moderately good quality, and was 
wrought for domestic purposes before the discovery of the thick bed 
some feet above it. Thickness about 2 feet. 


No. 40. 


Limestone.—Colour bluish black, caused by an admixture of bi- 
tuminous or carbonaceous matter. Structure rather slaty; grain 
moderately fine; fracture earthy and irregular. Place of observa- 
tion one eighth of a mile above Tribbet’s mill. Thickness 2 feet. 


No. 41. 


Shale-—Somewhat micaceous; colour blue and grey; grain 
generally fine; structure laminar. This bed contains some flattened 
nodules of proto-carbonate of iron, arranged parallel to the lamina- 
tion. It sinks below the run about one mile from its mouth. 
Thickness 14 feet. 

The stratum last described forms the highest of the series of beds 
intervening between the lower and the upper coal group, and thus 
completes what has been designated as the lower shale and sand- 
stone group. 

On a review of this series the amount of calcareous rock in- 
cluded in it, as displayed in the present section, claims attention as 
one of its most important features. Hleven bands of limestone are 
embraced in this intermediate group in the region now referred to, 
giving an aggregate thickness of 24 feet of limestone. Most of these 
bands are ferruginous, and otherwise impure, but are yet generally 
capable of yielding a lime suited to agricultural and building pur- 
poses, and even some domestic uses, where the colour is unimpor- 
tant. Of the eminently hydraulic character of one of them, mention 
has already been made, and I may add that judging by the appear- 
ance of the rock of some of the other bands, it is probable that the 
experiments yet to be made, will show them to possess similar value 
in the production of a water cement. 
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UPPER COAL GROUP, OR FORMATION Xv. 
No. 1. 


Coal.—Main Seam of the Upper Group.—Considered in regard 
to its thickness and the quality of the coal, as well as the extensive 
area over which it is found, and the facility with which it can be 
mined and conveyed to market, this is unquestionably the most 
valuable seam in the coal measures, either in Virginia or Pennsyl- 
vania. By careful tracings conducted in both states, this seam, ex- 
tensively exposed in the valley of the Monongalia from a point some 
distance above Clarksburg to the state line, has been shewn to be 
identical with that which is so largely developed in the northern 
part of the same valley in its prolongation in Pennsylvania, and 
which is disclosed so extensively in the vicinity of Pittsburg. It 
has been further proved, that continuing towards the west, this 
seam, coming to view on the Ohio river, constitutes the main coal 
stratum displayed in the hills at Wheeling and for many miles be- 
low ; and that still further down the river, it forms the Pomeroy or 
Carr’s run seam in Ohio, and the corresponding bed on the Virginia 
side. While prolonged in a southwesterly direction from the upper 
part of the Monongalia valley, it crosses the Little Kanawha near 
Leading creek; displays itself on the Great Kanawha below the 
mouth of Pocotalico, and on this latter stream, and is continued to 
the Big Sandy on the Kentucky line. 

On the line of the present section, the most eastern outcrop of 
this seam is about a mile and a half southeastward of Morgantown, 
where it lies at a height of between 400 and 500 feet above the 
Monongalia river. Dipping very gently towards the northwest, its 
height at Morgantown is about 400 feet, and at the mouth of Scott’s 
run, three miles further towards the northwest, is reduced to about 
170 feet, making an inclination of about 75 feet to the mile. It 
sinks below the bed of Scott’s run about one mile above its mouth, 
with a dip which there is reason to believe is steeper than from 
Morgantown to that point. 

Near Morgantown, the thickness of the seam varies from 6} to 8 
feet. Between this place and the mouth of Scott’s run, the hills on 
the east side have not sufficient height to include the coal, but those 
on the opposite side contain it at Granville, where it has been 
opened, as well as at other points. 

As exposed at Morgantown, it is overlaid by a thin band of shale, 
upon which rests a stratum of sandstone about 80 feet in thickness, 
This rock is coarse, felspathic, and contains a few quartz pebbles, 
On the east side of the river, it serves as a good index to the posi- 
tion of the coal, but in a northwestwardly direction it thins out or 
changes its character; and on Scott’s run there is not a trace of the 
sandstone remaining. 

At Boyer’s mine, near the mouth of Scott’s run, the main coa! 
of this seam attains the great expansion of nine and a half feet, and 
is accompanied by other layers as exbibited in the following meas- 
ured section, in the ascending order: 


dete), Main Cont Seana, Din e.2.. 9 feet 6 inches. 
2d. Black bituminous shale,........ 1 foot. 
3d. Coal, tolerably good,........... 1 foot. 
ee esc ae oy sre «on a+ 1 foot 8 inches. 
i 3 inches. 


No. 2. 


Shale.—Argillaceous; partially concealed; grain fine; structure 
laminar. Parts of this bed are bituminous. Thickness 10 feet. 


No. 3. 


Limestone.—This is the first of a series of beds of limestone, 
which, associated with shales, sandstones, and seams of coal, are 
found extensively developed in this part of the state above the great 
coal stratum just described, and which, while they furnish a valua- 
ble resource to the agriculture and the arts of the region in which 
they occur, impart naturally an unusual degree of fertility to its soil. 
Traced towards the southwest, they are seen gradually thinning 
away as we ascend the valley of the Monongalia. Though of very 
considerable thickness at Clarksburg, and for some distance beyond, 
they are almost lost on reaching the Little Kanawha river, where - 
their place is occupied by extensive beds of richly productive cal- 
careous shales. On the Great Kanawha they are reduced to a few 
layers of calcareous nodules included in the shales lying above the 
Pocotalico seam of coal. 

The limestone No. 3, as seen in the present section, has the fol- 
lowing characters: Colour, when freshly broken, bluish grey; grain 
fine; compact; fracture conchoidal. It is subdivided into three 
principal layers, having an aggregate thickness of 12 feet. Place of 
observation about a quarter of a mile above the point where the 
main coal sinks below the bed of the run. 


No. 4. 


Coal and Shale.—In this interval the strata are very imperfectly 
revealed. The coal, disclosed at one place only on the section, is 
of pretty good quality, and has a thickness of from three to four 
feet. 

The rest of the space is occupied by shale with perhaps a little 
limestone—making together a thickness of about 7 feet. — 


No. 5. 


Limestone.—In two layers. Lower layer, colour grey ; weathered 
surface yellow; compact; fracture irregular. This is an impure 
limestone. Upper layer, colour grey; weathered surface compara- 
tively unchanged; grain fine; fracture conchoidal. This is purer. 
Aggregate thickness 6 feet 4 inches. 
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eure dade 


Limestone.—Between this and the preceding bed of limestone, 
the strata are concealed for about 3 feet. This limestone has the 
following characters: Oolour bluish grey; grain fine; compact; 
fracture conchoidal. Thickness 3 feet. Aggregate thickness 6 feet. 


No. 8. 


Limestone.—Colour dark blue, nearly black; grain moderately 
fine; fracture irregular earthy; structure slaty; thickness about 18 
inches. It is included between thin beds of shale, making the ag- 
gregate thickness 5 feet 18 (8? Ed.) inches. 


No. 9. 


Sandstone.—Micaceous, grey and fine grained. Thickness about 
4 feet. 
No. 10. 


Limestone.—Colour light drab, some parts bluish; grain fine; 
compact; fracture conchoidal; weathered surface yellow. It oc- 
curs in layers of from 4 to 8 inches thickness. Thickness of the 
stratum 6 to 7 feet. 

Nos. 11 and 12. 


Coal and Shale.—This seam, second only in importance, as dis- 
closed in the neighbourhood of our section, to the main seam (No. 
1,) is here seen resting upon a bed of shale (No. 11,) imperfectly 
disclosed. The shale is about 5 feet in thickness. 

The coal was seen on the line of section only at two localities, 
to wit: at Wade's, nearly two miles above the mouth of Scott’s 
run, and on a branch of that stream on the right in ascending about 
half a mile from its confluence with the main run. At Wade’s it 
displays itself in a fine seam five and a half feet thick, at a height 
of about 10 feet above the bed of the run; and dips below it a lit- 
tle further up and about two miles distant from the river. At the 
other locality it is found in the bed of the stream, where it has been 
slightly wrought for the use of the neighbourhood. 

At both mines the coal is of very ood quality, containing but 
little sulphuret of iron. 

The eastern outcrop of this bed is somewhere about the mouth 
of Scott’s run, in which vicinity the hills on the western side of the 
river are of sufficient height to contain this and the other seams of 
the upper coal group thus far described. Thickness of shale 5 feet ; 
coal 5 feet 6 inches. 


No. 18. 


Shales.—Argillaceous; colour bluish and grey; grain generally 
fine; slightly micaceous; structure laminar. In the layers resting 
immediately above the coal, a few very imperfect impressions of 
ferns are seen. Place of observation Wade’s coal bank. Thickness 
20 to 25 feet. 
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No. 14. 


Sandstone.—Micaceous; colour light grey; grain fine; struc- 
ture laminar. Place of observation same as above. Thickness about 
10 feet. 

No. 15. 


Shales.—Argillaceous; colour brown and blue; grain fine ; 
structure laminar. The lower part contains a few lenticular nod- 
ules of moderately good iron ore of the variety usually found in 
the coal measures; the upper includes embedded masses of lime- 
stone of irregular form from a few inches to more than a foot in 
diameter, and which at other points may coalesce into a regular 
stratum. Thickness 12 feet. 


No. 16. 


Limestone.—Colour grey; grain moderately fine; fracture con- 
choidal. Approximate thickness 2 feet. 


Nos. 17 and 18. 


Limestone and Shale-——Immediately above the preceding bed of 
limestone, we find a stratum of shale but imperfectly disclosed, 
having a thickness of 2 feet. 

The limestone has the following characters: Colour light grey ; 
weathered surface yellow; grain fine ; compact; fracture somewhat 
irregular. Towards the bottom of the stratum, there occurs a 
layer of about 2 feet thick, containing fragments of another lime- 
stone of the same colour. This layer bears the appearance of a Mag- 
nesian limestone. The subordinate beds are at this point so imper- 
fectly disclosed as to render a minute description of them at present 
impracticable. But there is little doubt that the entire thickness of 
these beds may be safely estimated at 7 to 8 feet. 


No. 19. 


Shale and Shaly Sandstone.—Shale, colour blue; structure lam- 
inar; argillaceous sandstone, colour grey; grain fine; structure 
laminar; micaceous. Thickness 10 to 12 feet. 


No. 20. 


Limestone.—Colour variable, grey, blue, and drab; grain fine; 
compact; fracture irregular. This stratum, exposed in a thickness 
of about 5 feet, appears to be extended along the run but little 
above its bed, as far as Jacksonville. A short distance below the 
village this, or a limestone having the same characters, is exposed 
to a depth of 7 feet, and may be of still greater thickness, extend- 
ing beneath the bed of the stream. It is here of a light drab col- 
our, and a portion of it (as in No. 18,) contains small fragments of 
embedded limestone. Another portion presents the very peculiar 
aspect of the magnesian limestone which occurs at Wheeling above 
the main coal seam, and which was found by my experiments last 
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year to furnish a lime possessed of hydraulic properties. [ Vide re- 
port of last year, page 152 (400).] Chemical examinations now in 
progress will determine this point. Thickness 7 feet. 


No. 21. 


Shale, Flaggy Sandstone and a little Limestone at bottom. 
These strata, including a thickness of from 90 to 100 feet, though 
partly concealed, and therefore incapable of being accurately de- 
scribed at present, display the following general characters : 

First.—The strata resting immediately on No. 19 are chiefly 
shales. They are argillaceous, and of bluish and brown colours, 
and near the centre include a band of limestone about one foot 
thick. Itis a bluish grey rock, of a fine grain and conchoidal frac- 
ture, and acquiring a yellow surface by weathering. Thickness of 
these strata 40 feet. 

Second.—Immediately above the shales we find a stratum of 
sandstone, grey, micaceous, flaggy, and of moderately fine grain. 
Thickness about 15 feet. 

Third.—Above this sandstone is a space occupied by soft flaggy 
sandstones very partially disclosed. Thickness 35 feet. 


No. 22. 


Limestone.—In layers from 4 to 18 inches thick, presenting 
marked differences of character. 

Lower portion.—Colour very light drab, nearly white; grain 
fine; fracture conchoidal; contains specks of white calcareous spar. 
This is a very pure limestone, and having a texture admitting of a 
good polish, and being variegated by the included spar, would form 
a pretty marble. 

Middle portion.—Colour light brown; grain rather fine; com- 
pact; fracture irregular. Of less purity than the preceding. 

Upper portion—Colour bluish, in some places very dark blue, 
or nearly black; grain moderately fine; compact; fracture irregu- 
lar. This rock is disposed to break in small rhombic masses, and is 
inferior in purity to the lower portion. Locality Scott’s run, near 
its head, on the right of the road above Jacksonville. Aggregate 
thickness 5 feet. 

No. 23. 


Shale with bands of Flaggy Sandstone——Shale, argillaceous ; 
brown and sometimes Dive. Sandstone, grey. Thickness from 20 
to 25 feet. 

No. 24. 


Coal,—This is the highest workable seam met with in the line 
of our section. Indeed, in no part of the great coal basin, either in 
our own state or in Pennsylvania or Ohio, has any large seam yet 
been discovered, occupying a higher place in the coal measures. 
Even this, over a large portion of the basin, is comparatively thin 
and unimportant, and appears to attain its greatest development 
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west of the Monongalia in the neighbourhood of our line of section, 
and on the Ohio river at some points between Fishing creek and 
Middle island. 

On our present line it runs out on the tops of the hills some two 
’ miles below Jacksonville, and descending towards the west, shews 
itself in the bed of Scott’s run, between a half and three fourths of © 
a mile above that place. At the place of observation, a mine about 
half a mile above Jacksonville, the following measurements were 
taken, in the ascending order: 

1. Coal; main seam containing a considerable amount of sul- 
phuret of iron, but of pretty good quality, 5 feet. 

2. Bituminous shale; black, laminated, 1 foot 4 inches, 

3. Coal; tolerably good, 1 foot. 

4, Shale; Argillaceous, bluish, 9 inches. 

5. Coal; tolerably good, 1 foot 5 inches. 

6. Bituminous shale, 8 inches. 

The shale, No. 6, forming the uppermost of these layers some- 
times expands to a thickness of 15 or 20 feet, and in this case mer- 
iting a special description, may be designated by 


No. 25. : 


Shale-—Sometimes bituminous; colours bluish black and bluish ; 
Argillaceous; grain fine; structure laminar. As just stated, this 
stratum varies in thickness from 8 inches to 20 feet. 


No. 26. 


Sandstone.—Colour generally grey; grain coarse and siliceous, 
but contains some felspathic sand. This stratum runs out towards 
the southeast on the tops of the hills between two and three miles 
below Jacksonville. It is the highest rock of the upper coal group 
on Scott’s run, its upper surface being about on a level witb the 
head of that stream, and it therefore terminates the series of the 
Decker’s creek and Scott’s run section. Above this are a few beds 
of sandstone and shale, together with one or more inconsiderable 
seams of coal, and perhaps a Jayer of limestone which should be 
added to our description to complete the section so as to compre- 
hend the whole of the upper coal group. These, however, are not 
disclosed along the line of observation which terminates at the 
dividing ridge between the waters of Scott’s run and Dunkard’s 
creek. 

From what has already been stated in regard to the mutability 
of the strata as prolonged from place to place, the above section 
cannot be looked upon as indicating exactly the thickness and char- 
acter of the different beds as displayed in a vertical section at any 
one locality. It will, however, furnish a useful picture of the gen- 
eral features of the different groups of strata which usually preserve 
some predominant character over a wide area, and will suffice to 
exemplify the extraordinary mineral wealth through which it im- 
mediately passes, as well as of the fertile valley of the Monongalia 
in general. 
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The following brief summary of the more important contents of 
the upper coal group as disclosed along our section will serve to 
shew the great affluence of this portion of the coal measures as re- 
gards those valuable materials, coal and limestone, along the valley 
of the Monongalia: 


Coal in the Upper Coal Group. 
Feet. Inches. 
9 


First or main séam, No. 4, .2oi trons ae 0 
Second seam, No... 4,...:21. Wn 3 6 
Thira on + No. 1 Aaa eae 5 6 
Fourth ‘ No, 24:20 BHAAe, ae as v 0 

25 0 


Making a total thickness of workable coal in this group along 
the line of our section and the vicinity of 25 feet. 


Limestones in the Upper Coal Group. 
Feet. Inches. 


First or lowest bed, No. 8). 22.7 aa see 12 0 
Second ' No.2, 0205 eeee 6 4 
Third St” NO... ‘Taino ad ede 3 0 
Fourth Se NOs OB yscoiedase a at 1 6 
Fifth 6. UNO. 10, sce. aii ee 6 6 
Sixth eNO, 10, a ee ak ae 2 0 
Seventh “No, 382. 3 6 
Eighth No. 20, «sts sae ee ‘4 0 
Ninth seo gl OS. 2) oy bie ann Me aiyies 5 0 

50 8610 


Making a total thickness of limestone in this group, along the 
line of section, of 50 feet. Adding to these the 5 feet of coal and 24 
feet of limestone in the lower shale and sandstone group, and the 9 
feet of coal and 3 feet of limestone of the lower coal group, we have 
Jor the whole extent of coal measures embraced in our section, a thick- 
ness of about forty feet of coal and seventy feet of limestone, a result 
which, making all allowances for fluctuations in particular strata, is 
well calculated to shew, in a striking point, the ample natural re- 
sources of this highly favoured portion of our state. 


Srorron III. 


STRATA DISPLAYED ON THE OHIO RIVER. 


From the mouth of Little Beaver River in Pennsylvania, to the 
mouth of big Sandy on the Kentucky line. 


The strata disclosed along this line of observation, embrace: 

1..The lower coal group, with the exception of those beds 
which lying near its base, have their outcrop further towards the 
north, in Pennsylvania and Ohio. 
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2. The lower shale and sandstone group. 

3. The upper coal group. 

4, The upper shale and sandstone group, excepting those beds 
which the river hills are not high enough to contain. 

At the northern extremity of our section, near the mouth of Lit- 
tle Beaver, the Ohio river flows in the inferior part of the lower 
coal group, the outcrop of which is further towards the north. 
Descending the river from this point to the mouth of Fishing creek, 
the dip of the rocks is towards the south. 

Throughout this distance, the course of the stream deviates but 
little to the west of south, while the principal diameter or axis of 
the great coal basin, having a direction more nearly approaching to 
NE. and SW. is prolonged from its northwestern termination in 
Pennsylwania, in a direction lying to the east of this reach of the 
Ohio. The river is thus made to approach this central line as it 
descends towards Fishing creek, and is there near, but a little west 
of the axis or centre of the basin. Below this point, assuming a 
direction more towards the west, it continues to flow nearly paral- 
lel with the axis, though a little west, as far as the bend below Mill 
creek in Jackson county. It now by a sudden turn penetrates some 
distance into the western side of the basin, and the rocks having a 
dip towards the axis, that is towards the southeast, the strata which, 
during its previous course, were buried below its bed, are now seen 
in succession emerging to the surface. 

Resuming its southwesterly course at Kerr’s run, and preserving 
that general direction as far as Guyandotte, it continues to expose 
nearly the same strata appertaining to the western side of the basin 
throughout the whole distance. Then bending away to the west, it 
enters the lower coal group about three miles above the mouth of 
Big Sandy, on the southern boundary of Virginia, whence, taking 
a northwesterly direction, it passes directly across the western side 
of the basin, and finally, a few miles above Portsmouth in Ohio 
passes beyond its margin. 

It is obvious, from this sketch of the general directions of the 
Ohio, in its passage longitudinally through the basin, that it presents 
a line of observation of great interest, comprising nearly the whole 
of the strata of the coal measures. Our observations along this line 
having been chiefly directed to the examination of the three upper 
groups, are as yet too incomplete to admit of an accurate section, in 
detail, of the beds appertaining to that portion of the lower group 
which lies within the limits of the state. I shall, therefore, in the 
following description, confine myself to a general account of the 
lower group, as disclosed near the northern extremity of the state, 
accompanied with the details of one of several approximate sec- 
tions which have been made in that region, as preliminary to further 
more minute investigation—after which i will proceed to the de- 
scription of a second and third, and a portion of the fourth groups. 
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Srotion IV. 


LOWER COAL GROUP, 


As disclosed on the Ohio River, near the Northern extremity of the 
State. 


As already mentioned, the inferior members of this group are 
not disclosed on the Ohio river, at the northern boundary of the 
state, their outcrop being north of this in Ohdo and Pennsylvania. 

The whole group sinks below the bed of the river, a little above 
Steubenville, at a point which we have determined and laid down 
on a profile section of the strata of thisregion. Occupying the zone 
nearest the margin of the great coal basin of Virginia, Pennsylouania 
and Ohio, this group extending from the state of Ohio into Brooke 
county Virginia, and Washington county Pennsylvania, stretches in 
a broad curve around the northern end of the basin, embracing the 
coal and iron region east of Pittsburg, and thence continues along 
the western flank of Laurel Hill, in a southwesterly direction into 
Virginia, crossing Cheat river near Ice’s ferry, Decker’s creek a lit- 
tle above Morgantown, and the Valley river near the falls. Here 
the axis of Laurel Hill becomes so flattened near its southern ter- 
mination, that the group of strata we are describing extends over 
it unbroken. Continued in a southwesterly direction from this 
point, it crosses the Little Kanawha near Bulltown, the Big Kana- 
wha between Charleston and the falls, and the Big Sandy in a 
space extending some distance above and below the Burning spring. 

This group being the great repository of the iron ores found so 
abundantly in the coal regions of Ohio and Pennsylvania, at no 
great distance from the Ohio river, will, on that account, as well as 
trom its valuable beds of coal, demand future minute investigation. 
At present, as already intimated, I can only indicate the general 
order of stratification, as exhibited in preliminary sections—and for 
this purpose, I propose first to present a section taken near the 
mouth of Little Beaver in Pennsylvania ; and secondly, two sec- 
tions taken in the vicinity of Wedlsville, the one on the Ohio, and 
the other on the Virginia side of the river. 


Section on the Ohio River, about one mile above the mouth of Little 
Beaver. 


This section, though not taken in Virginia, is here introduced 
as indicating the series of strata which would be found exposed at 
the northern extremity of brooke county, the various beds at the 
two places differing in no important particulars. 

No. 1. Sandstone——Colour generally grey, grain moderately 
coarse ; quarries into blocks suitable for building purposes. Parts 
of this rock are so hard and compact, as to be wrought with great 
difficulty, and have hence been rejected in the construction of the 
locks on the Sandy and Beaver canal. Estimated thickness 25 feet. 

No, 2. Shales.—Argillaceous, colour dark blue and black, some- 
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times bituminous; grain generally fine; structure laminar. This 
stratam in some places contains courses of nodular iron ore of the 
variety usually found in the coal measures. At the mouth of Little 
Beaver, these nodules vary from 3 to 8 inches in diameter. Thick- 
ness 30 to 40 feet. 

No. 3. Coal._—Of tolerably good quality. Thickness from 12 to 
22 inches. 

No. 4. Shale.—Partially concealed. Thickness 4 feet. 

No. 5. Coal._-Of tolerably good quality. Thickness 2 to 2} 
feet. 

No. 6. Shale, with nodules of ivon ore.-—Thickness 15 feet. 

No. 7. Sandy Shale and Shaly Sandstone.—Colour generally 
grey. The inferior part of this bed, a little west of the line of sec- 
tion, passes into a coarse grained sandstone, which is probably the 
general character of this part of the stratum. Estimated thickness 
40 feet. 

No. 8. Shale.— Colour generally bluish, or dun; argillaceous ; 
contains, towards the bottom, nodules of iron ofé, though apparently 
not in large amount. Thickness 36 feet. 

No. 9. Concealed Strata.—Thickness about 16 feet. 

No. 10. Coal.— Quality pretty good, but contains some sulphu- 
ret of iron. This seam is in general overlaid immediately by the 
stratum of sandstone to be next mentioned, but in some a thin band 
of shale is interposed. At the place of section, the coal is about 5 
feet thick, but traced under the sandstone a little tow ards the east, 
it rapidly ‘diminishes to about 20 inches. 

No. 11. Sandstone.—Colour rather variable, but generally light 
grey and brown; grain in some places fine, containing felspathic 
sand and some mica, the latter producing a slaty cleavage. In other 
situations, the rock is more massive, and is composed of coarse sili- 
ceous sand, with some quartzose pebbles. It is, however, friable, 
and rapidly disintegrates by exposure to the atmosphere. Thick- 
ness estimated at 45 feet. 

No. 12. Shale.—Argillaceous; structure laminar; contains some 
nodules of iron ore, and a thin seam of black bituminous shale. 
Thickness 8 feet. 

No. 13. Sandstone.—Colour grey or brown; grain moderately 
fine; structure slaty ; the inferior part rather compact. Thickness 
10 feet. 

No. 14. Shales. — Argillaceous; colour dark blue; grain fine; 
structure laminar. Portions of this heavy stratum are concealed by 
debris. Thickness 60 feet. ~ 

The shale No. 4, of this section, has a character that would 
seem to adapt it for the manufacture of pottery. At the place of 
section, it is about seventy feet above the river. Here the subja- 
cent strata are entirely concealed. But at the mouth of Little 
Beaver, they are disclosed nearly to the bed of the river, and there 
being no perceptible dip between the two points, the description of 
oe beds in the section was made with reference to the latter 
place. 


508 


Section near Wellsville on the Ohio. 


No. 1. Shaly Sandstone and Sandy Shale.—Colours greyish and 
brown. The texture of portions of this bed is admirably adapted 
for the finer kinds of masonry, and it is made into tombstones of 
extraordinary beauty. These sandy and shaly rocks, occupying 
the base of the hills, extend to a height of about 50 feet. 

No. 2. Coal.—Quality tolerably good. This has been used in 
burning the hydraulic limestone hereafter to be mentioned. Thick- 
ness 1 ft. 10 inches. 

No. 3. Shale.—Partially concealed. Thickness 7 feet. 

No. 4. Sandstone.—Colour greyish; grain rather coarse; di- 
vided into layers from 6 inches to 2 feet thick. Thickness 25 to 30 
feet. 

No. 5. Shales. — Argillaceous. These shales having, in all, a 
thickness of about 90 feet, include near the middle of their height 
a band of hydrauliadimestone. This rock is of a dark bluish or dun 
colour, moderately fine grain, and generally irregular fracture. It is 
here about three feet thick, and overlaid by a somewhat thinner 
band of bluish argillaceous shale. The limestone alone being not 
sufficiently hydraulic, is mingled with an equal quantity of the 
shale, and the two are calcined and ground together. On the Vir- 
ginia side this limestone has been traced along the river hills from 
a point opposite to Wellsville up the Ohio to Liverpool. 

No. 6.- Coal.—Quality tolerably good. Thickness at various 
points in the vicinity, 2, 3, and even 5 feet. 

North of the locality of the preceding section, in tracing up the 
Sandy and Beaver canal, near /rederickton in Pennsylvania, a simi- 
lar group of limestone, shale and coal to that here described in Nos. 
5 and 6 is met with high up in the hills. The limestone and shale 
are there also united in the manufacture of the cement. It may 
therefore be inferred that these beds will be found continuously 
throughout the intervening part of Virginia. 

No 7. Shale.—Argillaceous; colour brown; grain fine; structure 
laminar. Thickness about 20 feet. 

The coal No. 2, of this section, has been wrought on the Virginia 
side of the river, and dipping with the course of the stream, that is 
nearly due southwards, sinks beneath it about two miles below the 
Wellsville ferry. 

On the farm of Mr. Hewitt, on the Virginia side, opposite the 
mouth of Big Yellow creek, a band of limestone and seam of coal 
occur in the same relative position as the hydraulic layer, and coal 
Nos. 6 and 7, disclosed at the quarry at Wellsville, and which are, 
no doubt, the continuation of the same strata. 

At the mouth of Big Yellow creek, on the opposite side of the 
river, we meet with the following seams: 

The first or lowest occurs from 15 to 20 feet above the water. 
It is pretty good quality, and has been wrought in several places. 
Thickness from 2 feet to 2 feet 6 inches. 


509 


The second seam lies about 40 feet above the river, imperfectly 
exposed, a thickness of only 20 inches being shewn. 

The third seam at this place is found at “the height of 150 to 160 
feet above the river. It yields coal of a superior quality, and has 
been wrought at several points in this vicinity. Thickness between 
6 and 7 feet. 

This is no doubt the main or middle seam of the lower coal group, 

and is here so well developed as to assume great economical in- 
portance. 
' All these beds dip gently down the river, but the points at 
which they severally disappear beneath the water, as well as the 
local developments of each as extended northward in the river bill, 
can only be determined by further investigation. 

On the Virginia side, on Tomlinson’s run, the following strata 

are presented : 
_ No.1. Argiilaceous Shale-—At Freeman’s landing, about eight 
miles above Steubenville, this stratum has been extensively used in 
the manufacture of fire brick, of which 500,000 are said to be made 
annually, chiefly in the yards of Mr. Freeman and the Messrs. Beale, 
At this place the stratum lies at a height of about 50 feet above the 
river, continued down the stream it disappears below its bed near 
the mouth of King’s creek. 

No. 2. Coal.—Wrought in several places. Thickness 24 to 3 
feet. 

No. 3. Shale.—Argillaceous ; ae nearly black; laminar. 
Contains nodules of iron ore of very good quality, but in what 
amount remains yet to be determined. Thickness 10 feet. 

No. 4. Sandstone.—Thickness about 30 feet. 

No. 5. Coal.—Thickness about 3 feet. 

No. 6. Sandstone.—Thickness about 20 feet. 

No. 7. Shale.—Argillaceous; grain rather coarse. Thickness 3 
feet. 

No. 8. Coal.—This seam is of good quality and has been wrought. 
This is probably identical with the third seam of the section at Big 
Yellow creek above described. It has here a thickness of from 4 
to 6 feet. 

No. 9. Shale.-—Of a brown colour. Thickness 5 feet. 

No. 10. Sandstone.-—Grey, micaceous and flaggy. Thickness 30 


eet, 

No. 11. Shale.—Yellowish; imperfectly disclosed. Thickness 5 
feet. 

No. 12. Shale.—Cclour dun or bluish. This bed contains nodu- 
lar masses of iron ore varying from 2 to 8 inches in diameter, but 
though they are present in considerable quantity, further examina- 
tion is necessary to ascertain whether they are in sufficient amount 
to be valuable. Thickness of the shale 10 feet. 

No. 13. Limestone.—Colour greyish or dun; occurring in the 
shape of large nodular masses. This rock has been burnt for lime. 
Thickness 8 feet. 

No. 14. Shale.—Chiefly concealed. Thickness 10 fect. 


510 


No. 15. Coal.—Slaty and of inferior quality. Some portions 
bear a resemblance externally to cannel coal. Thickness 3 to 5 
feet. 

Above this, to the top of the hill, embracing a thickness of be- 
tween 80 and 90 feet, the strata are, for the most part, concealed, 
and no more particular examination was deemed necessary for the 
general purposes for which the above preliminary section was made. 
Within this thickness, about 30 feet above the coal last described, 
there occurs another seam between 2 and 38 feet in thickness, and 
limestone is seen on the top of the hill. 

All the strata of the lower coal group, described in the preced- 
ing sections, dipping, as already mentioned, below the bed of the 
river a little above Steubenville, the highest coal seam of this group 
is seen in the bed of the river about one and a third miles above 
that place. About a third of a mile further down than this point, 
it is wrought by means of a shaft about forty feet deep, and ex- 
tending about twenty-five feet below the bed of the river. The 
coal is here of good quality and the seam has a thickness of 3 feet 
9 inches. Though not opened on the Virginia side, there can be 
but little doubt of its existing there also. 


Section Y. 


LOWER SHALE AND SANDSTONE GROUP, 


As disclosed on the Ohio river near the northern extremity of the 
state. 


This group consists as usual principally of shales and sandstones, 
the former predominating, and often variegated, and contains no 
workable beds of coal. Having its outcrop on the river hills about 
eight miles above Steubenville, nearly its whole thickness is dis- 
closed in the hill immediately opposite the town. Traced down 
the river it forms the base of the hills nearly to the mouth of 
Weegee creek, a short distance above which its southerly dip car- 
ries it out of view, beneath the bed of the Ohio. Below this, 
at the mouth of Pipe creek, by a northwestwardly trend of the 
river, the superior layers are barely brought to the surface. The 
river as formerly mentioned flowing in a direction lying westward 
of the axis of the basin, such an inflexion must carry it across the 
southeasterly dipping rocks of the western side of the basin, and of 
course bring to light lower and lower strata. In the present case, 
however, it soon resumes its southerly direction, and the superior 
layers of the present group brought to light at Pipe creek, again 
disappear and continue beneath the surface along a part of Marshall 
county and the counties of Tyler, Wood and Jackson, emerging on the 
western side of the basin about three miles below Kerr’s run. Be- 
low this point, they do not again sink out of view, but continye to 
form variable portions of the river hills to the mouth of the Guy- 
andotte. Here, in consequence of the westwardly bend of the 
river, the inferior members successively rise above the surface, so 
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that near the mouth of Twelve Pole creek, the lowest has emerged 
and the whole group is above the surface of the river. Towards 
this extremity of the basin is the outcrop of the group. On this, the 
western side of the basin, the outcrop of the group is on the river, 
some distance below the state line in Kentucky and Ohio. 

The following sections will illustrate the nature and arrange- 
ment of the strata composing this group, as disclosed towards the 
northern extremity of our line of observation on the Ohio. 


Section of the Lower Shale and Sandstone Group in the River Hill 
opposite Steubenville. 


No. 1. 


Shaly Sandstone.—Colour greyish ; grain moderately fine. This 
stratum lies in the bed of the ravine at the place of section and 
about twenty feet above the water of the river. Thickness 10 feet. 


No. 2. 


Shale and thin seam of Coal.—The former is argillaceous; dark 
blue or bluish black, and laminar. Thickness 12 feet. The latter 
is of inferior quality. Thickness 8 inches. 


No. 3. 


Shale.—Argillaceous; colour dark blue or black; inferior part 
somewhat stained with oxide of iron. Thickness 18 feet. 


No. 4. 


Sandstone.—This stratum is of very variable character. In some 
places it is coarse, massive and felspathic; in others slaty and mica- 
ceous. Generally it has a brownish tinge, produced by oxide of 
iron. Thickness 40 feet. 


No. 5. 


Shaly Stratum.—Character very variable; predominant colour 
bluish grey. Some portions are finely laminated argillaceous shale, 
while others are sandy shale or shaly sandstone, the latter some- 
times forming thin bands. Thickness about 90 feet. 


No. 6. 


Limestone.—Colour generally grey, but sometimes tinged reddish; 
subcrystalline; fracture irregular. It is generally impure, contain- 
ing apparently a large proportion of siliceous matter. 

Its most interesting feature consists in its including numerous 
fragments of Encrini from one sixteenth to two or three inches in 
length. 

. No. 7. 


Shaly Sandstone.—~Colour grey, or bluish grey. Thickness 7 
feet. 
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No. 8. 


Shale.—Colour very dark grey; often sandy ; sometimes mica- 
ceous. Thickness 25 feet. 


No. 9. 


Sandstone.—Colour generally grey, but in some places brownish 
from oxide of iron. Grain siliceous and moderately coarse; occa- 
sionally felspathic and micaceous. Thickness about 40 feet. 

_ Above this sandstone, at the place of our section, the strata are 
mostly concealed, until we reach the upper coal group which here 
caps the summits of the hills. Within this space, however, shales 
and sandstones were partially seen at several points, and limestone 
was met with near the top of the series. 

The strata occupying this part of the group being well disclosed 
near the mouth of Wheeling creek, a little below the city of Wheel- 
ing, the section may be continued by annexing to the preceding col- 
umn the results obtained at the latter locality. Though not agree- 
ing in all details with the unfinished portion of the section near 
Steubenville, it will convey a correct impression of its more impor- 
tant features. 

Continuation of the preceding section as disclosed near the 
mouth of Wheeling creek : 


No. 10. 


Shale, in thin layers interstratified with bands of sandstone. 
Shale argillaceous, olive coloured, and laminar; sandstone olive 
coloured. The lower surface of this stratum is about seven feet 
above the low water mark of the creek. Thickness 10 feet. 


No. 11. 
Shale, of a reddish or purple colour. Thickness 6 to 8 inches. 


No. 12. 


Limestone.—Colour grey; grain fine; compact. Thickness 1 
foot 6 inches. 


No. 18. 


Shale.—Colour bluish; indistinctly laminar. The upper portion 
is argillaceous, containing some impure calcareous nodules; the 
lower is inclined to be sandy. Thickness 17 feet. — 


No. 14. 


Sandstone.—This rock as quarried on the south side of Wheeling 
creek, near the city, presents much variety of character. The upper 
portion at the quarry where these observations were made, has a 
light drab colour and a fine grain, and contains felspathic sand and 
scales of Mica. The middle and lower portions consist of the same 
materials, but in different proportions, and therefore differ from the 
preceding in texture and colour. Colour yellowish and bluish; 
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structure sometimes finely laminated, the lines of cleavage being 
formed by the scales of Mica. 

Near the base of the stratum, some bands of the rock are calca- 
reous, and are rendered so hard by the cementing power of the car- 
bonate of lime as to be unfit for use. In this calcareous portion are 
contained vegetable remains in an imperfectly carbonized state, 
some of them retaining their structure though converted into bi- 
tuminous coal. The whole stratum, as measured at the quarry, has 
a thickness of 26 feet. 

| No. 15. 


Shale.—Colour bluish; sandy; passing into slaty sandstone. 
Thickness 11 feet. 
No. 16. 


Shale.—Colour yellowish; argillaceous; laminar. This bed 
contains some nodules of iron ore. Thickness 8 feet. 

This forms the highest stratum of the lower shale and sandstone 
group at Wheeling. Continued down the river, it disappears be- 
neath the bed of the Ohio a Jittle above the mouth of Weegee creek. 


Section VI. 
UPPER COAL GROUP ON THE OHIO RIVER. 


The inferior members of this group, embracing all the most valu- 
able beds of coal and limestone, dip below the bed of the Ohio river, 
near the mouth of Sunfish creek. Still lower down the river, the 
dip becomes more gentle, and so continues to the mouth of Fishing 
creek. Passing this, the general course of the stream lies a little 
west of the centre of the basin, along the counties of Tyler, Wood 
and Jackson. Throughout this distance, there being scarcely any 
dip in the direction of the river, the inferior members are retained 
beneath its bed; but further down the course of the river, changing 
to the northwest, the whole series rises above the surface near 
Sliding hill, about three miles below Kerr’s run. Below this, they 
do not again sink below the surface, but form the mass of the 
strata in the hills as far down as the westerly bend in the rivera 
few miles above Guyandotte. Below this, the whole group soon 
crops out on the river hills on the western side of the coal basin. 

The following section, taken near Wheeling, will indicate the 
nature and order of the strata constituting this group: 


No. 1. 


Main Coal Seam of the Upper Coal Group, the lowest stratum 
of this series. The quality of the coal is in general good, the sul- 
phuret of iron contained in it, not being in sufficient amount to in- 
jure it for ordinary purposes. 

The following measurements, indicating the contents of the 
stratum, were made on Coal run, the stream uniting with Wheeling 
creek near the southeast corner of the city: 


p14 


Or 


1. Main coal seam. Thickness 5 feet 3 inches. 
2. Argillaceous shale. Thickness 1 foot. 
3. Coal of pretty good quality. Thickness 2 feet. 


No. 2. 


Main Limestone deposit.—This group of calcareous rocks is here 
more fully developed than at any other point in the coal measures, 
and forms one of the most interesting features of the economical ge- 
ology of the region. 

The subjoined measurements were also taken on Coal run: 

1. Resting immediately upon the coal we have calcareous shale, 
succeeded by impure limestone. In some localities, the limestone 
itself is in contact with the coal, the shale being absent. Thickness 
11 feet 4 inches. 

2. Limestone.—Colour very dark brown, inclining to blue; com- 
pact. Thickness 9 feet 6 inches. 

3. Calcareous Shale.-—Colour bluish, embracing near the middle 
a few inches of very inferior bituminous coal, accompanied by a lit- 
tle bituminous shale. Thickness 5 feet. 

4. Limestone.—Colour very dark bluish black; grain rather 
coarse; quite impure; exfoliates on exposure to the atmosphere. 
Thickness 4 feet 2 inches. 

5. Limestone.—Colour grey; compact; consists of three layers 
with thin lamine of argillaceous shale interposed between them. 
Thickness 6 feet 8 inches. 

6. Caleareous Shale.—Rather dun coloured. Thickness 1 foot 
6 inches. 

7. Limestone.—Part of this is of a light drab colour; grain mod- 
erately fine; fracture earthy. Probably hydraulic, and to be ex- 
amined with this view. Thickness 17 feet 6 inches. 

The entire thickness of this group of limestones (No. 2,) is 53 
feet 8 inches. 

The remaining part of the present section is derived from ob- 
servations and measurements made at Wheeling hill, near the Na- 
tional road. 

No. 3. 


Shale-—Calcareous and bituminous, or carbonaceous; colour 
very dark grey, inclining to black; rather compact ; effervesces 
briskly with acid; contains some beautiful impressions of fern. 
Thickness 1 foot. 

No. 4. 


Coal.—Bituminous, of moderately good quality. Thickness 4 
to 6 inches. 


No. 5. 
Slaty or Shaly Sandstone.—Colour grey. Thickness 8 to 10 
feet. 
No. 6. 


Shale.—Argillaceous; colour bluish; contains some calcareous 
nodules. Thickness 8 feet. 
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No. 7. 


Shale.—Calcareous; colour yellowish. Thickness 7 feet. 


No. 8. 


Coal.—Structure slaty, quality not good. Thickness 4 to 6 
inches. 
No. 9. 


Shale.—Argillaceous, and sometimes sandy. Thickness 10 feet. 


No. 10. 


Limzstone.—Oolour bluish; composed of marly limestone, with 
thin bands of compact limestone alternately arranged. Thickness 
50 feet. 

No. 11. 


Shale.—Colour olive green. Thickness 8 feet 6 inches. 


No. 12. 


Limestone.—Colour light grey; grain moderately fine; rather 
compact. The upper part sometimes passes into calcareous shale. 
Thickness 12 to 15 feet. 

No. 138. 


Shale.—Colour inclining to dun; upper part argillaceous; about 
one foot near the bottom is calcareous. Thickness 4 feet. 


No. 14. 


Limestone.—Marly ; colour yellowish; lower part contains some 
compact bands. Thickness 17 feet. 


No. 15. 


Sandstone.—Sometimes shaly; colour olive; grain rather fine. 
Thickness 7 feet. 
No. 16. 


Shale.—Argillaceous and calcareous; effervesces freely with 
acid. Oolour inclining to dun. Thickness 9 to 10 feet. 


No. 17. 


Limestone.—Oolour light grey; compact. Thickness 6 to 8 
inches. 
No. 18. 


Shale.—Calcareous and argillaceous near the top; the lower 
portion of the stratum indistinctly exposed. Thickness 6 feet. 


No. 19. 
Limestone.—OColour greyish; impure. Thickness 2 feet 6 inches, 


No. 20. 
Argillaceous Shale.—Thickness 3 feet. 
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No: 21. 


Shale.—Calcareous; lower portion includes some thin bands of 
limestone. Thickness 18 feet. 


No. 22. 


Limestone.—Dove coloured; grain fine; compact; consists of 
layers from 8 to 18 inches thick, separated by lamine of argilla- 
ceous shale. Thickness 10 feet. ' 


No. 23. 
Shale.—Bituminous; colour nearly black. Thickness 1 foot. 


No. 24, 


Coal—Of moderately good quality; imperfectly disclosed at 
place of observation; used as fuel in vicinity; and said to have an 
average thickness of 2 feet 6 inches. 


No. 25. 


Limestone.— Of pretty good quality; compact. Thickness 2 
feet. 


No. 26. 


Sandstone.—Colour greyish, and sometimes tinged with oxide of 
iron; occasionally coarse and felspathic; passing into slaty sand- 
stone and more rarely into sandy shale. By estimation thickness 
40 feet. 


No. 27. 


Shales and Limestone Bands.—Partially concealed. Thickness 
40 feet. 
No. 28. 


Coal.—Opened in the vicinity; but only partially disclosed at 
the place of observation. Thickness 3 feet. 


No. 29. 


Shales and Sandstones.—Towards the top the sandstones pre- 
dominate and are felspathic; but beneath we meet with shales to- 
gether with thin bands of limestone. These strata extend to the 
summit of the hill, at the place of observation, viz: on the farm of 
Mr. Nichols. Thickness 80 to 90 feet. 

The above series of strata embrace all the beds of the upper 
coal group. <A glance at the details as here given, will be sufficient 
to indicate the immense economical value of this group in the am- 
ple development which it attains on the Ohio in the vicinity of 
Wheeling. Leaving out of consideration the numerous thin bands 
of limestone associated with some of the strata of shale, the aggre- 
gate thickness of limestone here disclosed in the upper coal group 
is not Jess than one hundred and jifty feet. Of this, much is of a 
quality suited for the manufacture of lime for architectural pur- 
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poses, and nearly all is capable of being made available in agricul- 
ture. And it may be added that some bands are likely to | prove 
valuable as a source of hydraulic lime. 

The great economical importance of the main coal seam as well 
as the smaller beds above noticed, must be felt by all who are inter- 
ested in the progress of this enterprising and prospering portion of 
the state. 

The following observations will serve to illustrate the position 
and character of the main coal seam, No. 1, of the preceding sec- 
tion, as disclosed at various points along the Ohio river. Cropping 
out on the hills near Steubenville, at a height of between three and 
four hundred feet above low water mark, its southeasterly dip car- 
ries it below the bed of the river a little above the mouth of Wee- 
gee. Between these points it has been wrought in numerous places 
on both sides of the river, displaying a thickness varying from four 
and a half to five and a half feet. 

Below the mouth of Weegee, the course of the river being a lit- 
tle east of south, the coal continues to sink still deeper below the 
bed of the river, as far as the mouth of Grave creek, where it lies 
at from 60 to 100 feet below the surface. Here, the river turning 
towards the northwest, and the dip being towards southeast, the 
coal approaches the surface, and is seen at the mouth of Pipe creek 
a few feet above low water mark. But below the mouth of Pipe 
creek, the river resumes its general direction and the coal again 
sinks beneath the surface. From this point downwards it contin- 
ues below the bed of the Ohio, at no place probably at a greater 
depth than 250 feet, to Sliding hill about three miles below Kerr’s 
run. At the base of this hill on the Virginia side it has been 
wrought at low water mark. 

Between Sliding hill and Pomeroy’s landing, the coal has not been 
opened on the Virginia side on account of the low bottoms which 
intervene between the hills and the river, but on the opposite side 
it has been mined in numerous places. In Ohio at Kerr’s run and 
Pomeroy’s landing, it has been wrought extensively for exportation, 
more than one million of bushels being annually sent from these 
mines to Cincinnati. Here the average thickness of the seam is 
something short of five feet. 

On the Virginia side it has been opened in but few places, 
though it is easily accessible throughout a distance of from six to 
eight miles below Pomeroy’s landing, after which the hills again 
recede from the river. As, however, the strata dip towards the 
southeast the mines admit less readily of being drained here than on 
the Ohio side. 

At Berthesay’s bank, about one mile above the mouth of Lead- 
ing creek, where particular examination was made, the coal was 
found to lie at a height of about 60 feet above the river at low wa- 
ter, being of pretty good quality, and having a thickness of four feet 
four inches. Above the coal is a bed of argillaceous shale, from 
four to five feet thick, containing between the lamine numerous 

vegetable impressions, which, however, are too imperfectly pre- 
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served to afford good speciinens. Surmounting the shale is a heavy 
sandstone about fifty feet thick, of a greyish colour, and composed 
of coarse siliceous sand with some scales of Mica, and some fel- 
spathic earth. Along this portion of the Ohio the sandstone here 
referred to is a good index to the position of the coal, and is well 
marked by the mural escarpment which it frequently forms in 
the hills above the coal. Ascending the river above Kerr’s run, the 
lower surface of this sandstone sinks to the water level near Slid- 
ing hill, but the stratum does not wholly disappear until we proceed 
upwards a mile or two above Graham’s Station. Hence for many 
miles along the river the coal can be reached by merely sinking 
tbrough a part or the whole of this sandstone. Including this 
space, therefore, the Wheeling seam is accessible along this part of 
the Ohio on the Virginia side, for a distance of nearly fifteen 
miles. 

On Ten Mile creck, below where the hills recede from the river, 
the coal has been opened on the land of Mr. Mitchell, and is here 
said to be about six feet thick. Between this creek and Point 
Pleasant are wide bottoms extending back into plains or rather 
second and third terraces of unusual width, in the rear of which 
the hills are low and the strata much concealed. Along this part 
of the Ohio no thick beds of coal have been opened, although 
thin seams have been discovered in several places. The same is 
true of the hills below the mouth of the Kanawha. As the inclina- 
tion of the strata is such that this coal if continuous must lie in 
the river hills in this region, it is probable that the seam has 
greatly diminished in thickness, and is identical with a thin bed 
which has been opened at numerous localities of which the fol- 
lowing are some of the most important. 3 

At Mr. James Swan’s, near the lower end of Eight Mile island, ° 
is a seam about two feet in thickness, overlaid by a heavy bed of 
coarse sandstone, and lying at an elevation of about 130 feet above 
the river. A similar seam has also been discovered on the planta- 
tion of Mr. Charles Lewis, on Oldtown creek. 

In the hill three fourths of a mile NE. of Point Pleasant, is a 
seam of good coal, 24 feet thick, lying at an elevation of about 18 
feet above high water mark (of 1832.) 

A coal seam of from 24 to 3 feet thick has been partially wrought 
at several places between Point Pleasant and (Gallipolis, on the 
Virginia as well as the Ohio side. 

On the land of Gen. Steinbergen, one and a fourth miles from 
the Ohio a seam has been opened having a thickness of between 
two and three feet. It is overlaid by a thin band of shale upon 
which rests a heavy coarse grained sandstone of a greyish colour, 
closely resembling that resting above the coal at Kerr’srun. The 
coal lies at a height of about twenty-two feet above high water 
mark, 

Below Steinbergen’s the course of the river is a little east of 
south for about twelve miles to the bend in the river below Eighteen 
Mile creek. In this distance, however, the dip of the rocks is very 
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slight, and the coal may generally be readily traced in the river hills. 

This is also the case with the superincumbent sandstone, though 
somewhat variable in character and thickness. The coal has been 
disclosed by M7. Menager between one and two miles below Crab 
creek. It is here separated near the centre by a band of shale, giv- 
ing the following section: 


1. Coal, of good quality,........... 1 foot 10 inches. 
Beit egret rie. eee 1 foot. 
A SS a ee 1 foot 3 inches, 


Descending the river, the coal continues to increase in thickness 
so that about three miles or a little more below Menager’s it is about 
four feet thick, and has been opened on the Qhio side of the river 
at various places, on a level but little above the high water mark of 
1832. On the Virginia side, the hills recede from the river, leaving 
wide intervening bottoms—and hence the seam has here not been 
explored. 

Below Eighteen Mile creek the strata again rise in the hills, and 
though in some places pretty well disclosed, present no coal seam 
of important thickness. Thin bands, varying from eighteen inches 
to two feet, are found in the hills from Green bottom to Guyandotte 
—pbut under such variable circumstances as to render their identifi- 
cation at distant points impossible. 

In the river hill, four miles above Guyandotte, is a thin coal 
seam, which, as exposed thence to Guyandotte, appears to occupy 
the same geological position as the Pomeroy bed, and is, like that, 
overlaid by a coarse heavy sandstone. 

Passing the mouth of Guyandotte river, the strata of the upper 
coal group soon crop out on the summits of the river hills, and as 
before mentioned, are succeeded, as we descend the river, by the 
lower shale and sandstone group, and then by the lower coal group, 
from the base of which the river emerges in the neighbourhood of 
Portsmouth in Ohio. 


CHAPTER VIII. 
CHEMICAL DETAILS. 
Srcrion I. 
Limestones from the Primary. 


1. Limestone from Whitley’s quarry, burned for lime. Colour 
bluish grey; appearance vitrious; structure compact fine grained; 
fracture irregular; traversed by thin veins of Cale spar. 


BmrnOnate Of [WIG ces vnc ones methine Gad -. 75.56 
Carbonate of magnesia,........2.¢---0+6 12.44 
Alumina and oxide of iron,............... 0.40 
Saar aligetine Pl On eaere ea hata ee eee 11.20 
Soa a RE 7 rin er e e 0.40 


2. Limestone from Gibson’s vein. Oolour deep pink, with spots 
of grey white; structure compact; crystalline; surface rough. 


Oarbonate’ of inves... oe eee 77.48 
Carbonate of magnéesia,............0..... 5.20 
Alumina*and Oxide Of 17OR,.”. «-. .ees Meee 1.20 
Watery. wa ec eee eee t ata: ne 0.40 
Silica, 2) 9 2 OP 2 OR Apt De oe 15.72 


3. Limestone from Gibson’s quarry, south side of Rapidanne river. 
Colour greyish blue, traversed by white veins; structure compact ; 
semi-crystalline; vitreous appearance; fracture irregular, rough. 


Garbonate iof;lime,ij.2<2. Gay ee besa 90.40 
Carbonate: of magnesia,.............+.46. 6.44 
Alumina and oxide ofiron,............... 0.52 
Silica, vit aif. aguda.altih-ieek pee ee 2.00 
Waters saws’: otisjsore a \feleat geen 0.64 


4, Limestone from Colby Cowherd’s, 14 miles from Gordonsville. 
Colour deep blue; surface of cleavage shining; structure slaty; fine 
grained; crystalline in places. 


Carbonate of “lime, 07.3. ee ee 79.20 
Carbonate of magnesia, trace. 

Alumina and oxide of iron,.............. 0.80 
Silicagi ts FPO CE ee ee 19.60 
Water, .....6 0. 05 6. 0. ee 0.40 


5. Limestone from Rawlings’ quarry, 4 mile SE. of meeting 
house, near Orange courthouse. Colour dark blue ; structure slaty ; 
crystalline in veins; fine grained compact; surface shining. 


Carbonate of lime,.............- Mea POMP om: 73.68 
Carbonate of magnesia, ............,.--<- 9.28 
Alumina and oxide of iron,.............. 0.80 
SSI GA, “af miePakss. 4 «00.-0,5 fo Poovse * sectinaiun sateen 15.60 
WS UAL oun dies so <aeseuh in, te, Sapna. tot ane 0.64 


6. Limestone from Rapidanne river, 300 yards east of Gibson’s 
vein; colour deep blue; aspect vitrious; structure compact; sur- 
face scaly; angles acute. 


Carbonate of lime, wrx . crenee evs + 75.44 
Carbonate of magnesia,.........-.s..ee0. 5.04 
Alumina and oxide of ‘iron, -2>.S% 7 eee 0.92 
SULIGA, . .s..s v0 aidis pack « MORI Gs oc a 17.92 
OW SLOS, 1 \ss a0 a cite Gideon Git a ae ec 0.68 


7. Limestone from Todd’s quarry, 5 miles from Gordonsville, 
near blacksmith shop. Colour beautiful pink, traversed by minute 
white veins; structure compact, granular; semi-crystalline; frac- 
ture irregular, sharp angled. 


Oarbonate of lime, °.-..25523 500i. 44 Pe 51.72 
Carbonate of magnesia,................0- 42,72 
Alumina and oxide of iron,.........0.... 1.28 
IGA Ee oi een sibs aoe F5.2 SSO 3.28 
VELOP SG te et Med HOS kik <3 eee 1.00 


8. Limestone in thin layers in mica slate. Colour pink, rib- 
banded; veined with dark crystalline spar; structure granular, 
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RUPEMIUE ALI ee 80.72 
Carbonate of magnesia,........ ... ..... is 
Alumina and oxide of iron,............... 0.44 
CMe te i. a ee ee: 11.04 
a re 0.68 


Section II. 
Limestones of Formation II. 


1. Limestone from near Winchester, on the turnpike west of 
the town. Colour bluish grey, spotted and streaked with dull grey ; 
structure hard and compact; fracture conchoidal; surface smooth. 


ET Se Gil ea i ra aa 80.60 
Oarbonate of magnesia,.................. 14.48 
Alumina and oxide of iron,.............. 1.68 
RICH, : we. Sonn oo Berea 2.68 
EO ae 0.56 


2. Limestone from Dunlap’s creek, near Sweet springs, Monroe 
county. Colour bluish grey; traversed by minute veins of white 
spar, structure compact ; surface rough and irregular. 


STAPOONALS Of LIMO, 2... 4... Fs.scicla hs . a2 86.2 
Carbonate of magnesia,.................. 9.52 
amming and Oxide of iron,............... 0.52 
se. Es ys). 6s ois sce pie oe ik’ we 2.96 
MEIER erates so ope s'e% wip stele cd so old do Bislase 0.48 


3. Lime from Page county. Colour blue, with a dull ash lustre; 
structure compact; fine grained; fracture irregular, with smooth 
surfaces, acute angled. 


Mmrponate of lime,...... svn. oa Sak 70.16 
Oarbonate of magnesia,......:......5..56- 25.96 
Alumina and oxide of iron,.............4+ 1.60 
EE 22h oo knee dean race wed a's 1.48 
NOSES rig ash -F ord techs Godlee od Wa! SNE EL ke 0.80 


4, Limestone from near Harper’s Ferry. Colour delicate flesh ; 
aspect semi-crystalline, structure slaty, compact, fine grained, sur- 
face irregular. 


MPRIEO AN TING, <3 fo c\sds to nets oo cs 81.16 
Carbonate of magnesia,.... ............. 10.80 
Alumina and oxide of iron, ..:... ....... 0.52 
ER Lo). See ees ties. ete Sts oe 6.68 
ORME git hele il A i re Sa Sn eee 0.84 


5. Limestone from Stage road, Shenandoah county. Colour blu- 
ish grey, aspect vitrious, compact, surface rather rough, angles 
sharp, splintery. 


MARTON OT 1G coe ce ciek noe wats a < 49.00 
Carbonate of magnesia,...............0.. 38.80 
Alumina and oxide of iron, ............. 0.84. 
EO Re pa EB ge Gh UP LAS hi a aa 10.80 
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6. Limestone from Shenandoah river, Page county. Colour lead 
grey spotted with white; structure crystalline; fracture irregular, 
with rough surface ; compact. 


Carbonate of lime,.... °.. .<.> ee 47.48 
Carbonate of magnesia, .. 5 ls cae eet 45.80 
Alumina and xide of 161, <)> eee 0.80 
Pilieasc jee ds... ee 5.40 
Waters. ls. N26 3... a 0.56 


7. Calcareous sandstone from the Woodstock road leading into 
Big Fort valley. Colour dark bluish grey, with a light yellow 
tinge veined with spar; compact, irregular fracture, with minute 
scales of mica. 


Oarbonate of lime, 2... ... esee eee 11.24 
Carbonate of ‘magnesia, -: +21) Sec. en eee 5.40 
Alumina and oxide of iron,......... - dchenns Ae 
DUTCH, "a: «a's nie 9.6" o%sn oon an 73.20 . 
WALT, 0... as cde sas coe patel ee 0.80 


8. Limestone from Page county. Colour bluish grey ; structure 
compact; very fine grained ; fracture irregular, scaly. 


Carbonate of lime, 2.) 0 .. te aaes 60.92 
Carbonate of magnesia, ................. 36.48 
Alumina and oxide of iron, .............. 0.60 
Drlica, ...2%..55%24..i0000. 1.44 
Water, bedded fe cst Se 0.56 


9. Limestone from New Market, Shenandoah county, near the 
junction of II. and II. Colour greyish blue, traversed by veins 
of dark crystalline spar; structure compact; fine grained; fracture 
irregular ; surface waving. 


Carbonate of lime,................ ee 81.00 
Carbonate of magnesia,......0ocll gee 10.60 
Alumina and oxide of iron,.............. 0.28 
Silica. Ou... oo ee ih Jie eee 7.60 
Water, LNA PEPER CE 5 0.52 


10. Limestone from two miles southwest of Harper’s Ferry. 
Colour light grey, clouded with blue, dull pale streak; structure 
very compact, granular, semi-crystalline; fracture irregular, con- 
choidal. 


Oarbonate of lime,............se00 SNe 53.88 
Carbonate of magnesia 506 epee peace Sa 43.40 
Alumina and oxide of iron,............ .. 0.48 
SBULECA SS 6% alae ike albeit so cigitet hes hig 1.68 
VOC Se rt sk . 0.56 


11. Limestone from Northwest turnpike, west from Winchester. 
Colour dirty pale grey, clouded with blue; structure compact, 
granular, somewhat crystalline; fracture irregular, rough, angular. 

88.6 


Oarbonate.of time, «<3 cnet. «3 ss 5, oeeke 

Carbonate of tnagnbsia, so) ee ce ee 9.60 
Alumina and oxide 7 ea)» pe Mien ip AR 0.12 
UE at Rae ign oF hry Be oonk By ae aad da oo.” Sn 


A pita aah ak NR ha TEEN Soe 8 Tip Rk is RE tle f= 0.44 
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12. Limestone from Chestnut ridge, north fork of Holston river. 
Colour light grey, with a dull lustre; structure compact; semi- 
crystalline; fracture irregular, angular. 


0 50.96 
Carbonate of magnesia,.................. 39.20 
Alumina and oxide ofiron,........ ...... 0.80 
elles SS Sei a a 8.48 
ey iS i eee ee ee os 0.56 


13. Limestone from east base of North mountain, Price’s road. 
Colour rather dark grey, slightly tinged brown; surface scaly, com- 
pact; aspect vitrious. 


ET 52.20 
Werponave Of Magnesia,.................. 38.40 
Alumina and oxide of iron,.............. 1.16 
a 7.44 
ee 0.80 


14. Limestone from Page county. Colour blue, traversed by 
thin veins of spar; appearance vitrious; structure compact; frac- 
ture conchoidal. 


Garponato or lime... 8s. 0.00. 0, 69.60 
Carbonate of magnesia,......... ........ 27.04 
Alumina and oxide of iron,.............. 0.40 
Dennen wrt SEC ATR. OTe TONS. 2.60 
ia 8. Fs Mss p Se 0% a eateries oP P LS DIL 0.36 


15. Limestone from Northwest turnpike, 1 mile west of Winches- 
ter. Colour grey blue; aspect vitrious; structure compact; semi- 
granular; surface scaly; fracture smooth, corners sharp. 


MEEEIEMURT OL LING Pe ie ee erele wle sos 57.24 
Carbonate of magnesia,............. .... 28.80 
Alumina and oxide of iron,............ ee BG 
See tit; 3 bopiene pl opps 11.68 
EOE 05) 2058 4-<harcratarode' stytorar ate ats AE ARON 0.72 


16. Limestone from Stage road, Shenandoah county. Colour 
dark blue; contains crystalline spar; structure compact; fine 
grained; fracture irregular. 


Bear Of IMO Oo oo eee tee 75.96 
Carbonate of magnesia,.................. 9.12 
Alumina and oxide of iron,.............. 0.92 
SEER TIGR WS UEP RO, oP INS 13.60 
Na Ao acne Ans Hath eand yews of A 0.40 


Srotion ITI. 
Limestones of Formation XJ. 


1. Limestone from Muddy creek mountain, Greenbrier county. 
Colour pale lead, tinged with brown; spotted with ferruginous 
matter; oolitic; structure compact, semi-crystalline; fracture con- 
choidal. 


Carbonate of lime? <2.) ae ee 88.64 
Carbonate of magnesia,.:..... 050500. 20% 9.60 
Alumina and oxide of iron,.............. 0.12 
fa 146: SP RRR ESA pete moony: 1.20 
Water, 2.52 h ss ots 2s oo ee 0.44 


2. Limestone from gap of Little North mountain, between Crim- 
son sulphur spring and Union. Colour grey blue, tinged with 
brown; partially crystalline; structure compact; fracture irregular. 


Oarbonate “of 'lim6,’."> Sao fee, See 78.48 
Carbonate of magnesia, .......5.6+.....¢ 9.20 
Alumina and oxide.of irony). sana 1.00 
Silkea, 25s sn 24 os 24% + Oe eee 10.80 
Water, ¢....0.% 4.4% 2. 2 0.52 


Sreotrion IV. 


Limestones of the Coal Measures. 


1. Limestone from Ten Mile creek, Kanawha, one mile from its 
mouth; bed from eighteen to twenty-four inches in thickness. 
Colour pale lead, with a brown tinge; structure moderately com- 
pact; fine grained; fracture splintery. 


Garbonate of lime, .. >: asc pe eee ov» a fheaDe 
Carbonate of magnesia, trace. 

Alumina and oxide of iron, ..... .....aaueh os 1.92 
PILLIGS. » kon eapceveic pop *.5-nreneceass<nes ner eane aee 10.88 
WEGGOT, o's cco ea oo wetenin sop ane ota nr 0.60 


2. Limestone from Two Mile creek, Kanawha, lower stratum 
one to two feet in thickness. Colour lead brown, with a yellow 
tinge; structure compact; fine grained; fracture scaly. 


QGarbonate of lime,...............00.020n eee 83.92 
Oarbonate of: magnesia, . ..... a. » sid «stn ae 2.80 
Alumina and oxide of iron, \; i...» sbpeee 0.80 
PULL OA,  ssisrase as {aipsnh stom sa ocd a 1.76 
WALT, oon cd ken os ko ccs een 0.72 


3. Limestone from Coal river at lowest falls, Kanawha. Colour 
dull brown, with a yellow tinge, spotted with Cale spar; structure 
compact; fine grained; fracture irregularly conchoidal. 


Qarbonate of lime, ..... .......,.:0/ +:/0:05s0 eee 83.96 
Oarbonate of magnesia,......... sss 13.20 
Alumina and oxide of iron,.............. 0.48 
Dilidasy. acts, «ei ties. pets Shee 1.68 
Weathers cl sorr ks: ako tcnci ith She Ghateenn .. ee 


4. Limestone from Ten Mile creek, one mile from its mouth. 
Colour pale lead, tinged with yellow; structure compact; fine 
grained; fracture irregular. 

Carbonate oF Himies Pio ad SO te 84.40 
Carbonate of magnesia, trace. 
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+ os i aa a eae 13.28 


5. Limestone from Little Buffaloe, Kanawha, bed 18 inches in 
thickness. Colour pale yellowish red; structure compact; fine 
grained; surface smooth; fracture conchoidal. 


Miptpeunte Or WRESTLE. ee. 72.52 
Carbonate of magnesia,................. 6.80 
Alumina and oxide of iron,.............. 1.40: 
es eT, SEES LQ ae 18.72 
PMMr Arar Nat rose ITU. I UD, Doe. 88 0.56 


6. Limestone from Eighteen Mile creek, Kanawha, three miles 
from its mouth at the saw mill. Colour pale lead, tinged with yel- 
low ; fine grained; compact; fracture irregular; corners sharp. 


MmperemLOrO! Ite ee we sees 55.96 
Carbonate of magnesia,................. 7.60 
Alumina and oxide of iron,.............. 3.68 
re ey Se ee OL. 31.92 
a el hl A a ln ae ae a 0.84 


7. Limestone from Two Mile creek, Kanawha, upper stratum, 
bed from 1 foot to 2 feet thick. Colour light yellow, with spots of 
dark coloured Calc spar; very fine grained; compact; surface 
waving. 


PPGMINIABUE OL WING, 6.055. bon ime winvale <mpaloe’ © ocese 96.20 
Carbonate of magnesia, trace. 

AlMMINaand.Oxide. Of ITON,........0. 0.0250 1.60 
so oc a a's rel ts ss 5.0m 6 abe so! age 1.60 
ES s,s « Glogs a a ss x ccmmivbhpae oP 0.60 


8. Limestone from Tyler’s creek, Kanawha, bed 1 foot thick. 
Colour yellowish light brown; compact; fine grained; fracture ir- 
regular; corners sharp. 


Mermonive Of lime,../.2. 26.6.2 6. se baaine 75.80 
Carbonate of magnesia, trace. 

Alumina and oxide of iron,.............. 5,20 
ee cel erate ef 17.00 
Bemmeee ete ode edinnd ede do W 2.00 


9. Limestone from Big Buffaloe, Kanawha, bed 2 feet thick. 
~ Colour fresh; fracture lead; aspect earthy; compact; rather fine 


grained. 
Carbonate of -lime,...2..22..22...00008)! 73.44 
Carbonate of magnesia,................-. 5.32 
Alumina and oxide of iron,.............. 2.16 
SE et A tear, ae 8 De, ay, AEE BUY 18.48 
Sy I EAS tk PONE we ent Sie 0.60 


10. Limestone from Crooked creek, Point Pleasant, Mason 
county. Surface variegated; curiously spotted with beautiful dark 
coloured spar; fine crystallized; compact. 

EME AE MS ote alla S's oe «tie we * 79.84 
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Carbonate of magnesia,.................. 6.28 
Alumina and -oxide of iron, ...¢:.¢s9 sees 3.52 
RITLTGE, oo ahah ah ado 8 he he gt abel Gh wo 9.68 
Waters! .odacuew a. iii ele eae 0.68 


11. Limestone from Two Mile creek, Kanawha county, upper 
stratum one foot in thickness. Colour grey brown, with a tinge of 
yellow, spotted with white spar; compact; fine grained; surface 
waving. 


‘Carbonate of lime, .. .cevk tosepleee Dneeae 89.72 
Carbonate of magnesia, trace. 
Alumina and oxide. of jronyyaan eee 2.00 
SHIGG w.6 sia > dhagst ae oe 7.20 
Water; -G.al ots = welt) o> eee 1.08 


y] 

It should be remarked that most of the limestones of the coal 
measures exhibit traces of carbonaceous matter, which, however, is 
burned off in the kiln, while those which contain a considerable 
amount of oxide or carbonate of iron make a dark lime. In many 
cases they yield a lime which is hydraulic, as in the instances men- 
tioned in my last report, as well as in others, now in course of ob- 
servation. 

Seorron V. 


Coals from Formation XTTTI. 


1. Coal from Judge Summers’ bank, Coal creek, Kanawha. 
Somewhat compact, cleaves into thin lamina, striated, cleavage sur- 
face has a charred appearance; fresh fracture, shining jet black. 


Carbon 2. 6052322522025 Se oe 55.55 
Volatile matter, :: ::. 3. 02>) s>. 7 41.85 
Ash fen; pea. J Ca 2.60 


2. Coal from Judge Summers’ vein, Grand creek, Kanawha. 
Compact, fracture irregular, surface smooth, jet black ‘and irrides- 
cent, stris indistinct. 


Oarbon, }...04 56.» eA oe ee 52,75 
Volatile matter, ......Ui\. iu ue De 43.20 
WASRE. seca deae oa @ he oe 4 poss 0 4.05 


8. Coal from Wolf creek, 4 mile above the Burning spring, Big 
Sandy. Laminated, surface brilliant shining jet black, easily frac- 
tured, and when broken, exhibiting an irregular pitted surface, striae 
indistinct. 


Lethon, ¢.ak .abittowan y fons cee 5 ee 47.15 
Volatile matter,.... «.. sv «deecueenepeteee 48.00 
BN ccs o> araun.s a0 steceeh Ary <olereecee 4.85 


4. Coal found in the bed of Big Coal river, 5 miles above the 
junction of the two branches, Mr. Jno. Lewis. Cleaves into lami- 
ne, the surface of which is covered with films of charcoal, cross 
fracture jet black shining, irregular ; strie distinct. 

COPD ON Frac Seaciea ie ainseae *,deaeeoi es eke ee 50.20 
Vp latile J AUeOr cites Raa renn gash Mince an tee 47.10 
ABN on teenie eee ck anes sey Gs eee 2.70 
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5. Coal from Wr. Cartrell’s property, Three Mile creek, Kanawha 
county. Semi-compact, somewhat laminated ; fracture irregular ; 
surface dull black, with spots of shining jet black. 


Ieee el elie ek 45.95 
ere Ss So. sk ee 50.80 
MS Gocco. ss he es es ees 3:75 


6. Coal fiat Friend, Welsh & Co.’s mines, Elk river, Kanawha 
county. Massive, fracture irregular, lustre dull black, sometimes 
shining jet black; striz distinct. 


IS SEES a ei 54.90 
RIN tee eS ee oe es 39.90 
ES led Shall ail i 5.20 


7. Coal from Mr. Lawson's opening, Logan courthouse, 3 feet 
thick. Massive, cross fracture shining jet biack, striee indistinct. 


IEC aig i's as ce ese ee es 58.35 
MIO sc crack et oe ee 39.50 
ts aie eh we et sob as 2.15 


8. Coal from Traa fork, Guyandotte, 5 feet thick. Massive, ten- 
dency to columnar structure, dull black irregular fracture. 


ee ne hs wine me ws 4]8 56.50 
ERIM OL gos o'6 ccs 5 a a wpryee sgn 5 42.00 
ies ad ong soy cis = Sahin rd Hine 43,4 1.50 


9. Coal from Pigeon creek, Big Sandy river. Shining jet black, 
surface of lamine charred, fracture irregular. 


Oe. a wodinin atculoeai fie 55.00 
A re 41.00 
ceiver <a ajn es ois pe x,» bjs v.48 4.00 


Sreotion VI. 


Iron Ores from the Primary. 


1. Iron ore from Ross furnace, Hopewell creek, hematitic brown 
oxide. Structure somewhat fibrous and cellular, interior of cells 
coated with a bluish crust; colour clove brown, lustre glimmering 
and resinous. 

Composition in 100 parts. 


BENEIGO OL? TOTAL vse 2k bane cen e 81.11 
LE a Soe Rese 2 0.28 
Silica and insoluble matter, .............. 6.54 
Prater. h. .. . sce be on lgood Saas cee. 11.10 
Per yyw aiilon. 7 wiulen. alles -Aanl si bee 0.97 


Per cent metallic iron, 56.77 


2. Iron ore, from Yeatman’s, Stonewall creek, composed of 
brown hematite and siliceous brown oxide. Structure externally 
hematitic, fibrous; internally amorphous, granular; colour blackish 
brown, lustre glimmering. 

Composition in 100 parts. 


Peroxide: of Ar ote: shes overpass See 76.00 
PA ALLLDITIA,.. «fn iovc. 92 vow ik » +0 heaneies cents a 0.50 
Silica and insoluble matter,.............. 13.00 
PAM SGOT, oo. one ss 0 0 0's 0 + sy wie: see 10.00 
AsOGG,. |. » ise no + oe » +0 0 scl mine ne 0.50 


Per cent metallic iron, 53.20. 


8. Iron ore from Elk creek, half a mile above mouth. 

Structure amorphous, cellular; colour chestnut brown; general 
aspect earthy, in spots glimmering. 

Composition in 100 parts. 


Beroxide:of: 1roni,..\¢ .iien eae 84.00 
lI, . .. |”. o's > = pan eee 0.85 
Lime, mere trace. 

Silica and insoluble matter,.............. 7.60 
Water, ...%..... 05s 029 oRGee Senn 7.10 
LOOSE, .701010's's oso vie'sl sh. sete 0.45 


Per cent. met. iron, 58.80. 


4. Iron ore from Colonel Hancock’s farm, east side of Falling 
river. 

Structure amorphous; compact; fine grained; fracture some- 
what conchoidal ; colour chestnut brown, without lustre. 

Composition in 100 parts. 


Péroxide of irons i... 223k ee 84.20 
Avtmina, . P35 2.0 00. 2 Ree 0.56 
Lime, trace. 

Silica and insoluble matter, .............. 4.50 
Waterss: Sa ofr eres ts: 2 ye Pe 10.00 
TIOBS, 58 42.540 ee Or 0.74 


Per cent. met. iron, 58.94. 


5. Iron ore associated with Talcose slate, from bank six miles 
southwest of New Canton. 

Structure massive, compact and siliceous; colour clove brown; 
surface presenting glimmering points of quartzose particles. 

Composition in 100 parts. 


Peroxide Of iron).% . 40142. 36d v.wReeeee 64.95 
Alomina, «cnt “cl. tnoleg : pdb 2.65 
Oxide of manganese, a trace. 

Silica and insoluble matter,.............. 23.30 
Watery... cosvsccsasc cass «tte 10.00 
EONS: oo 0 kav se yriite i ob Ab wie oe 0.20 


Per cent. met. iron, 45.49. 


6. Iron ore from same locality as above. 

Structure cellular; cells minute; colour light brown ochreous; 
contains small specks of Quartz. 

Composition in 100 parts. 


Peroxideiaf irotxa..dsevnl. accooailis..baaun 72.00 
Alumina; aiese acriiutons tlearetab sate 1.33 
Silica and insoluble matter,.............. 16.47 


Oxide of manganese, a trace. 


Wee PS 10.04 
Per cent. met. iron, 50.40. 


Section VII. 
Iron Ores from Formation I. 


1. Honeycomb ore, Graham’s bank, Reed creek, Wythe county. 

Structure somewhat cellular; walls of cells compact and close 
grained; aspect of surface earthy, of interior slightly resinous; 
colour chestnut brown. 

Composition in 100 parts. 


SeemeetGer GO. IPOD tiie eee... . 2.20. 79.49 
MPMI lg ele ee eee 0.75 
Silica and insoluble matter,.............. 8.46 
a ea 11.00 
et Pe ee 0.30 


Per cent. met. iron, 54.94. 


2. Iron ore from Forrer’s bank, Page county. 

Structure cellular and hematitic, filled with reddish oxide, very 
tenacious and rough. 

Composition in 100 parts. 


a Fe a a a 79.74 
a an ae came 0.75 
eae a ae aaa a 9 Sea 7.67 
gt ea a 11.58 
Ee SA Ae Peel 0.26 


Per cent. met. iron, 55.81. 


3. Forrer’s bank, Page county. 

Structure hematitic, in slender stalactitic columns; colour bluish 
black; spans between the columns occupied by a rich orange red 
oxide; lustre resinous and iridescent. 

Composition in 100 parts. 


IEP AL OD ss San cass ce cc wd ete 6s 74.56 
a pe ate ll ll ark lp A AS ER eae 4.50 
Lime, trace. 

Silica and insoluble matter,............. 7 ea 
Re Nae s SPSS, SEIT Te 15.00 
ests. MARS, AIS, APH PUG 0.14 


Per cent. met. iron, 52. 19. 

4. From shales of F.I, Augusta county. 

Structure somewhat crystalline; hematitic, compact; colour 
dark chestnut brown. 

Composition in 100 parts. 


MOMGMENY AVON Sancta tennoatiincs Cuetec 85.87 
Alumina, trace. 

Silica and insoluble matter,.....;........ 2.50 
Bene SITTERS. Q000, LAMAN DOTS 10.90 
Penne sta. AP YO), AU MQ A FHSS 0.73 


Per cent. met, iron, 60.10. 
23 
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5. Iron ore from Poplar Camp furnace, Wythe county. 

Structure irregular nodular; close grained, somewhat cellular ; 
colour dull brown, without lustre, earthy. 

Composition in 100 parts. 


Peroxide of iron,.. ; .. s+ 6s.c=eee ee 72.04 
Alumina, . .'. Sos. Vek Ae ee ee 1.55 
Silica and insoluble matter,............:. 4.45 
IWARLET, core 2.5% 0:0 4 0038 bla sian 11.35 
LAOS, Gin so -sernim od = G0 hao ope Oe eee 0.61 


Per cent. met. iron, 50.42. 


Sreotion VIII. 


Iron Ores from Formation IT. 


1. Iron ore from Cedar Creek works, 2 miles from Russell court- 
house. . ; 

Structure hematitic, cellular; brown black, interior of cells lined 
with a dull brown oxide. 

Composition in 100 parts. 


Peroxide Of iron), . i's». =<8/:aleeee 72.65 
PATONG, 0 6:5:0 5. nese 2 + 0 8 0 0 nie ee 3.75 
Peroxide manganese, trace. 

Silica and insoluble matter,........... .. 11.50 
WBLCT yr os ss te se on oes 12.00 
ILQES, » 0:0:+¢ «<5» s08is.v 2.0109 4) » at or 0.10 


2. From near Miller’s, now Kenagay’s iron furnace, Mossy creek, 
Augusta county. Structure cellular, cells ochreous, compact, fine 
grained semi-crystalline; colour chestnut brown, bright. 

Composition in 100 parts. 


Per-0xide “Of IPOD, << scents 5 oat dee 81.00 
Alumina, trace. 

Silica and insoluble matter,.............. 9.50 
WY ALCD in cncaignnys sik ca.s van > ae enn 9.27 
TORS e's gu? oie cwin.ole 3°00 8 eh otsdele «ale ein 0.23 


Per cent. metallic iron, 56.70. 


3. Iron ore, from Silver creek, used at Kenagay’s furnace. Struc- 
ture compact, fine grained, surface smooth; colour dark reddish 
’ brown. 

Composition in 100 parts. 


Peroxide of: iron)... : ....00;/¢/a< 5 e048 + ane 82.00 
Alumina, trace. 

Silica and insoluble matter,.. ............ 8.14 
IT Loe asa iii gases = a5 2 5)S n-016 eRe 9.27 
MES hire Tien pibenks s p-X0 «Aeon in be ee -, 0.59 


Per cent. metallic iron, 57.40. 

4, Iron ore from Wythe county, base of Iron mountain. Struc- 
ture cellular; colour dark dull chestaut brown, semi-crystalline. 

Composition in 100 parts. 


EMORIOO MENLOM GORE, 6.50. ee eee te os 92.00 
Alumina, trace. 

Silica and insoluble matter,.............. 4.00 
oo ai Moi 53 6) oT SOuiils a slate ty 2 3.29 
TRE o casen creas EE ss 4 = 3 Gt 20 4 0.71 


Per cent. metallic iron, 64.40. 


Section IX, 
Tron ores from Formation V. 


1. Iron ore from Poor Valley ridge, near Cumberland gap. 
Structure slaty, laminated, fossiliferous. Colour rich brown, with 
a semi-metallic lustre, arising from the micaceous character of the 
fossil casts which cover the surface. 

Composition in 100 parts. 


TE SS Se en 76.50 
Tog so vec css ces ees Ly 
Ox. manganese, trace. 

MEEOTIE DO: 5 nc nos ces sao oso es eee 1.00 
Magnesia, trace. . 
ones an 0, 0s oo 6 ore po vias 8.00 
Silica and insoluble matter,.............. 11.30 
Ee oan wl vin 9 wereld a of Fale sin 0.60 


Per cent. met. iron, 53.55. 


2. From the Bloomary, south of road on western side Capon 
mountain. Structure cellular, cells lined with hematite; colour 
dark chestnut brown. 

Composition in 100 parts. 


IE) ee en ee 84.80 
Alumina, trace. 

Silica and insoluble matter, .............. 3.50 
ae oe ninth). chee 0s ANY vee hirin 3 11.12 
eon aR gata en ety tee 0.58 


Per cent. met. iron, 59.36. 


Section X. 
Iron Ores from the Western Coal Measures. 


1. Iron ore from Kelley’s creek, interspersed in shales, Kanawha. 
Nodular iron ore; structure nodular, compact, close grained ; col- 
our of the mass dull reddish grey, of crust reddish brown ; fracture 
somewhat conchoidal. 

Composition in 100 parts. 


Beer rOMGts OF TT OU Fei g cc as en of bes odd 82.55 
NA Dee 2 cet Pee ce tata ox oe we ss «9 1.00 
Lime, trace. 

Silica and insoluble matter, .............. 12.05 
UME A OF Uits0, Sai iktos. Sins Pee. we 3.50 
Pe 2 YROA, Ak Se. Bato sku, te, 8k 0,90 


Per cent. met. iron, 39.85. 
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2. Iron ore on Hamilton Place, Nicholas county, occurs on top 
of hill in rounded masses. ‘Structure irregularly nodular ; texture 
brittle and somewhat close grained; colour chestnut brown, with 
blackish spots of a dull, resinous lustre. 


Peroxide of iron,.. ..... . sone 80.75 
Alomina,.....:.. 2. ss 6theheh als pie eee 1.25 
Silica and insoluble matter,.............. 7.40 
Water,. oo... i 10.00 
LCi. en eee ree i ee 0.60 


Per cent. met. iron, 56.52. 

8. Iron ore in the red shales, above the blue sandstone at Red 
House shoals, Kanawha. Structure compact and somewhat slaty; 
close grained; colour cinnamon brown, without lustre, except a few 
glimmering points. 

Composition in 100 parts. 


Peroxide of. iron,.:....'..... eee 58.41 
Alumina, .'.*.:.0..°5°5% 255595 3.45 
Silica and insoluble matter,.. ........2... 32.44 
Water, 2%. 5. o's "oles et ane 4.50 
LOSS, oo. ose to oo wos + vive » ele pion 0.20 


4. Iron ore, found on dividing ridge between Eighteen Mile 
creek and Kanawha river, one mile from latter, back of Mr. Hervey’s, 
Kanawha. Structure massive, close grained; fracture somewhat 
conchoidal; colour dull brown, with glimmering micaceous points. 

Composition in 100 parts. 


Peroxide of iron, . 22. OP ee 83.00 
AIUMMNG.T ce a ee te a Ce eee 
Ox. Manganese,........... 0% Sees ee 0.25 
Silica and insoluble matter,.............. 10.90 
TOSS, oe. sn oie vie o's a se ps oy gen 0.40 


Per cent. metallic iron, 58.10. 


5. Iron ore from the Chesterfield coal basin. Structure massive, 
somewhat slaty; texture coarse; colour brownish black, with glim- 
mering quartzose points. 

Composition in 100 parts. 


Peroxide Of iron, . ...».<+<-..- ssa eee 66.00 
Aluminay}. cs ccsc re tmes fe oe 7.10 
Silica and insoluble matter,.............. 14.30 
Wiatery.. >. dsnae was yomleiie® «67 12.50 
1 oe ee «2p Ql0 


Per cent. met. iron, 46.20. 


Srorion XI. 
Coals of the Chesterfield, Powhatan, Goochland and Henrico Basins. 


The following results have reference chiefly to a series of speci- 
mens collected at an early period of the survey, from workings 
which in many cases have been discontinued. A still ampler suite 
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of all the coals of this region, collected more recently, and now 
under examination, will furnish an additional body of details, sufti- 
cient, when connected with those now given, to illustrate fully the 
chemical character and economical value of all the coal seams of 
this poition of the state. 


Coals from South Side of James River. 
1. Coal from Stonehenge. Colour of ash, light reddish. 


EE ee 58.70 
SOO 36.50 
NE IO MD iy. te ie 4.80 


2. Coal from Engine shaft, Maidenhead. Colour of ash, strong 
red. 


Pee epee. HPAP. FT 63.97 
Seemntane WIMLLOr,A, OY EU 32.83 
Sennreer mero Se) 2, Seon 8.20 


3. Coal from Engine shaft, worked by Heth, Pott’s & Co.; col- 
our of ash, reddish yellow. 


Carbon, on SAE OR pk pL Pee Le 62.35 
MW Olntie wiatter, dee ie eel 37.65 
SNE AMIE SO SIENY S222 0R A BY 2.80 
4. Cval from Mills & Reid’s Creek pit. Colour of ash, buff. 
RD, SII. AUD L 57.80 
Volatile Oh Te de ee 38.60 
oes sana so sa a es vos LS 3.60 ° 
5. Coal from Wills’s pit. Colour of ash, light brown. 
I 8G. SS 5 accep hk diane ea a oerw a vant 62.90 
BM MUALLOR Ge Ha ive, ogres 6 yore 32.50 
te RR RE ae nan Sees 4.60 
6. Coal from Greenhole shaft. Colour of ash, light red. 
Re Boo close aa hah wed dia vSince'e Ho's 67.83 
Volatile BEIBELOR ss, *-/ 012722. 10 9a ala-e%e ete 7e"acnlahchets'ste 30.17 
EE An eS 2.00 


7. Coal from Col. Heth’s deep shaft, where the explosion oc- 
curred. Theseam is between thirty and forty feet in thickness. These 
specimens were selected for analysis, and gave the following re- 
sults : 

Specimens from the bottom of the seam. Colour of ash, light- 
pinkish brown. 


Ee RE PS ie eae iy Gre? Bea ok Ose 53.36 
MGSO THAWED. ag fehst. HSER A 85.82 
Ash, EEF, LOR AAR Dost e, Saiheia\la Pe Pelt Pol'o nate loteta totes reteballe, & 10.82 


Specimen from the middle of the seam. Colour of ash, light 
brownish yellow. 


Garbon, EFS ROR SRE Mi, se aey, 8S 66.50 
IAG. NOUOP 2 rveen GTS aw a's ia laiet'e'g > 0m 28.40 
MUMEN Boa a5. Fah Fs'a" whctatete"adln"e'e Tp 'atd sy ale"aletetete ‘sta%e 5.10 


Specimen from the top of the seam. Colour of ash, light pink, 
inclining a little to brown. 


Carbon, .. coo. Didaatlcs . aga e ae ae 61.68 
Volatile matter; oi). 00s. sa. Help baa 28.80 
Posh thisilad . tay by Se aero cee 9.52 


8. Coal from Powhatan pits, formerly worked by Capt. Finney. 
Colour of ash, pale buff. 


Carbon, leis ee giale bw! e'e so ae 59.87 
Volatile MAtLOE, «t.."s0 «hee cee ee 82.33 
BSNS ss's's a co's se 9 oo eee 7.80 


Coals from near the Appomattox River. 


The successful explorations of M7. Coz, on Winterpock creek, 
near the southern termination of the Chesterfield basin, have of 
late given great interest to this portion of the coal field. The qual- 
ity of the coal at Mr. Cow's opening, as indicated by analysis, and 
proved by its use in the grate, is such as to ensure its extensive em- 
ployment, and combined with the favourable attitude of the seam, 
and its ample thickness and extent, cannot fail to confer much im- 
portance upon this part of the basin. 

The following analysis will convey an idea of the composition of 
the coal. Additional chemical examinations are still required to 
give a fair average of the several varieties found in this portion of 
the field. 

9. Coal from Mr. Cox’s mine, Winterpock creek. 


BUDO Te cay sete se she: +s oe eee 65.52 
Volatile matter, ......<.<s.000 en oe 29.12 
Ashen Jtnil, toa ho aceleQ... tie 5.36 


Coals from North Side of James River. 


10. Coal from Capt. Thomas UM. Randolph’s. Colour of ash, 
light red. 


GgrbOn,.. os ness > sce 0 008 .2,: 25 ene 66.15 
Volatile matter,..,.-5..esrcs2s2s se ene 30.50 
Ashs. 3 -osat &- fasts aus.» kts eee 8.35 
11. Coal from Coalbrook dale. Second seam. Colour of ash, 
light grey. 
CREDON, »"sscala' ae Saves ale aaa oct nis ae 66.48 
Volatile matter,...5 2.3% te.aiat sole ke 29.00 
PRB cy x's’ sig wa Bic ba o's ee bles Oe 4.52 


12. Coal from Anderson's pit. First seam in shaft where the 
upper seam only was wrought in 1836. Colour of aD, tant grey. 


Ear OD oon vo ope pe sv he3 onde oo ee 
V olatile (matters. «,«. o.3« ko o2is set cele ae ay 
LV We Ce EEE ee 4.92 


13, Coal from Barr's pits. First seam. Colour of ash, faint 
red. 
Carbon, ... 2... e cece eee eee eect e eee eee 70.80 


Ashes. Soot i tas pene cass ves 5 ROPE Cee 5.20 
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14. Coal from Bar7’s pits. Second seam. Colour of ash, strong red. 


SE cee ees 54.97 
a 22.83 
os | ee 22.20 


15. Coal from Larr’s pits. Third seam. Colour of ash, light 
brown. 


I 65.50 
SS ee 24.70 
SS 9.80 


16. Coal from Barr's pits. Fourth seam. Colour of ash, strong 
red. 


0 Ss 56.07 
rc 21.33 
Ash, (one a oe 6 eee 22.60 


17. Coal from Crouch’s lower shaft. Upper seam 110 feet be- 
neath surface. 


Ps cans cece ces ees 64.60 
a en a 30.00 
a SP 5.40 


18. Coal from Scoté’s pit, formerly Woodward’s. Colour of ash, 
light grey. 


es ory alae accu aeae edeee 60.86 

Sa ee De a 33.70 

EN a 5.44 
19. Coal from Waterloo shaft. 

NR irae sola Wo «dive via boca ecwie. 55.20 

Volatile Berar 3 2h the ae eee’ bs 26.80 

NE ro cae ee eet 18.00 
20. Coal from the Deep run pits. 

Ee ec aN i a ar oe 69.84 

IRCLOY soos ay Mes bd te cede o's ce 25.16 

66065 0 Sosy aisiw s mo id's woo We e's 5.00 


Coke from Chesterfield. 


This curious material, occurring in a very heavy bed at the east- 
ern margin of the basin, towards the river, has the aspect and com- 
position of a coal which has been in great part deprived of its vola- 
tile ingredients by heat, accompanied by such a pressure of the 
overlying strata as would prevent the puffy cellular texture usually 
assumed by coke. Its geological position, and the probable agencies 
to which it owes its present form, will claim a detailed illustration 
at a future time. For the present I may remark, that retaining all 
the carbon of the original coal, this material has great value as a 
combustible, yielding the intense and steady heat of anthracite, at 
the same time that, from its less compact texture, it is more readily 
ignited than coal of that description. The following is the compo- 
sition of 100 grains of the more compact variety : 

MIM rs ois pele a pei ais @ alse O48 > 80.30 
MRCP TROL EOE, ae Sete 2 tits wel ean 9.98 
eae as ee eee ee 9.72 
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OF THE PROGRESS OF 


THE GEOLOGICAL SURVEY 


OF 


THE STATE OF VIRGINIA 


FOR THE YEAR 1841. 


OFFICE OF THE Boarp or Pusric Works, 
30th December, 1841. 


Stir, I have the honour to transmit herewith the report of pro- 
fessor Rogers to the Board of public works, respecting the progress 
of the geological survey of the state under his direction during the 
past season. 

It is no doubt in the recollection of the legislature, that the act . 
authorizing the survey was repealed at their last session from and 
after the Ist January, 1842. The board respectfully represent, that 
by the operation of that act, there is, in their opinion, a strong prob- 
ability that the great benefits which were so confidently anticipated 
from the survey, will in a great measure be lost to our citizens. It 
is only the final comprehensive report, systematically arranged, 
and embodying the results of nearly seven years laborious investi- 
gation, which can display in a proper manner, the new, various and 
valuable developments made in regard to the geological structure of 
the state, its rich and inexhaustible mineral wealth, and its vast ag- 
ricultural resources. To enable hifn therefore to present such a 
report, to arrange the numerous mineral specimens, and to prepare 
the necessary drawings and maps, professor Rogers recommends 
that the services of his corps, as at present organized, be continued 
until the regular close of the geological year in April next, and that 
an additional appropriation of $2500 be made for the purposes 
above mentioned. 

The reasons adduced by professor Rogers are in the view of the 
board so unanswerable, that they do not hesitate most respectfully 
to recommend the passage of an act in accordance with his sugges- 
tion. 

With the highest respect, 
JoHN RUTHERFOORD, 
President of the Board of Public Works. 
To the Honourable 


The Speaker of the House of Delegates. 


Petwia, RT... 


Tn compliance with the law, I beg leave to present the following 
report of the progress of the geological survey during the past 
season. 


SCOPE OF THE PRESENT REPORT. 


The near approach of the survey to its. completion, renders it 
necessary that I should at once devote my attention to the various 
and arduous duties connected with the preparation of the final re- 
port. . I conceive therefore that I shall best promote the interests 
of the work by confining myself on this occasion to a very brief 
sketch of our investigations during the past season, omitting all such 
details of our operations in the field and laboratory as have been 
usual in my previous reports. 

In this view of my duty to the board and the public, I purpose 
to present no further account of the labours of the past season than 
a hasty notice of the general course of research in each of the dis- 
tricts in which we have pursued our enquiries, leaving the full ex- 
position of what has been done to be incorporated with the results 
of all our previous investigations in the comprehensive final report 
for which I am now actively preparing. This report, the crowning 
work of the survey, from which alone a just estimate of its high 
economical and scientific value can be formed, it shall be my anx- 
ious endeavour to present to the legislature at their next session. 


ORGANIZATION AND OPERATIONS OF THE GEOLOGIOAL CORPS. 


The death of my valued assistant, Dr. George W. Boyd, towards 
the close of the preceding season, and the withdrawal from the sur- 
vey of Mr. Samuel Lewis, who had rendered efficient service during 
the same year, created two important vacancies in the corps, one of 
which, as the board is aware, was supplied early last spring by the 
appointment of my brother, professor James B. Rogers, to whose 
aid in the chemical as well as geological part of our work the survey 
is indebted for many valuable results. Finding great difficulty in 
filling the other vacancy in a suitable manner, and believing that 
with the corps as already organized, aided by occasional services 
temporarily obtained from others, the field work of the survey could 
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be advanced as rapidly as had been anticipated in my last report, I 
conceived it best to relinquish the idea of any further appointment 
for the year, and I may add that I the more readily adopted this 
course trom the belief that the portion of the annual appropriation 
thus reserved could be expended with far more advantage to the 
survey in assisting to provide such aid as would be necessary after 
the expiration of the present geological year, in arranging the cabi- 
net, and furthering my exertions in preparing for publication the 
final report with its accompanying maps and sections. 

Allotting to my assistants, as usual, those scenes of operation in 
which from their prior experience they were best prepared to con- 
tinue their respective labours, I assigned to Mr. OC. Briggs, assisted 
by Mr. T. Ridgway, the task of finishing the exploration of the-great 
coal region of the west, to Mr. I. Slade that of making the further 
researches required to complete our knowledge of the Appalachian 
belt, and to professor J. B. Rogers the examination of those por- 
tions of the middle secondary region between the Potomac river 
and Albemarle county, and of the upper secondary and tertiary 
tracts lying along and near the Potomac, which as mentioned in my 
last report, had been hitherto but imperfectly explored. 

In pursuance of the duties thus prescribed, Messrs. Briggs and 
Ridgway, assisted during a large part of the season by Mr. M. Wells, 
commenced their investigations by carefully tracing the more im- 
portant members of the coal series in the southern portion of the 
valley of the Monongahela, uniting their work with the results of 
previous investigations in the neighbouring regions towards the 
north, and east, and west. Thence they continued their examina- 
tions to Tygart’s valley, tracing the important coal seams of this 
region from Weston through and across the valley of Buchanan’s 
river, and marking the eastern outcrop of the great system of coal 
measures along the summit and western flank of the Rich mountain. 
After bestowing the requisite attention upon the structure and com- 
position of the great parallel ridges in Randolph county, between 
the Tygart’s valley and the front ridge of Alleghany, and marking 
the general limits and contents of the narrow coal basin included 
between the Cheat and Shaver’s mountains, they proceeded to con- 
nect these observations with those previously made on the Little 
Kanawha, and in the region lying between this stream and the 
northern boundary of the state, by additional sections and other in- 
vestigations extending from the eastern escarpment of the coal rocks 
to the Ohio river. . 

Having thus completed the examination of the northern half of 
the coal region as regards all its important geological features, we 
continued a similar series of researches towards the south as far as- 
the Great Kanawha, including an investigation of the strata along 
the Elk river from its head waters to its mouth, and various ex- 
plorations in Greenbrier, Nicholas, Fayette and Kanawha counties 
in extension and correction of the results of previous observations. 

In the region south of the Kanawha river, careful explorations 
were made along the three great lines of section formed by the 
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Guyandotte river, and the Tug and Louisa forks of Sandy river, 
embracing the entire distance from the southeastern escarpment of 
the coal rocks on the Great Flat Top mountain in Fayette, Tazewell 
and Russell counties to the Ohio river, and in connection with these 
and the researches of former years, various additional observations 
were made in other lines, with a view of tracing the more impor- 
tant coal seams over the intervening tracts, and marking the influ- 
ence of the several axes which are prolonged in a southwesterly 
direction across this region. 

Among the various interesting results developed in the course ot 
these enquiries, may be mentioned the discovery of the wide exten- 
sion eastward and southward from the upper part of the Mononga- 
hela river of the great upper coal seam, known further towards the 
north as the Olarksburg or Morgantown seam. Lower down the river 
this, the most valuable bed of coal embraced in the northern half of 
our coal region, makes, as mentioned in my last report, its most east- 
ern outcrop along the western base of Laurel hill, and with the ex- 
ception of one or two narrow tracts, is no where met with in the 
region eastward of this ridge. But in its extension towards the 
south, it is permitted by the gradually flattening dips connected with 
this axis to spread itself widely towards the southeast, and is thus 
continued in the hills over an extensive district towards Buchanan’s 
river, making its final outcrop in the dividing ridge westward of 
that stream. I may add that the same important seam has also been 
traced into the hills bordering the Elk river near Suttonsville, and 
over a district in that vicinity of considerable extent. 

While thus adverting to the mineral riches of this portion of the 
state, I would call attention to the fact, that throughout a large 
part of the region referred to, as well as much of that lying towards 
the north and west, the vallies and steep hill sides occupied by the 
calcareous shales of the coal measures, are covered with a richly 
productive soil, whose fertility is continually recruited by materials 
from the adjoining rocks. In view of this important fact, 1 may 
be allowed to express the earnest hope, that the cheering invitation 
thus proffered to agricultural enterprise, seconded as it now is by , 
an easy communication along the great highways recently con- 
structed across this region to the Ohio river, will ere long lead to 
the rapid peopling and cultivation of a valuable, but hitherto ill- 
appreciated portion of the state. 

Results of not less interest have attended our investigations in 
the region south of the Great Kanawha, where the lower coal meas- 
ures, retained above the water level by a series of low axes, are 
extended with almost unbroken continuity over a large part of the 
area lying between the Flat Top mountain and the Ohio river, and 
are thus permitted to display their valuable contents in the noble 
sections formed by the Kanawha, Coal, Guyandotte and Sandy rivers, 
as well as in an immense number of intervening situations. 

In the Appalachian belt, the examination of which was commit- 
ted to Mr. I. Slade, our observations though chiefly directed to a 
review of previous results and the correction and extension of the 
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sectional drawings previously formed, as well as the construction of 
new sections along other lines of exploration, were also in part de- 
voted to the longitudinal tracing of some of the important lines of 
dislocation hitherto but partially followed out, and an examination 
continuously of the mineral character of the formations in the grad- 
ual modifications which they undergo as they are prolonged towards 
the southwest. With these researches were associated further meas- 
urements of the thickness of several of the formations, and obser- 
vations for determining the heights of important ridges and knobs, 

not hitherto ascertained. 

Of the economical résults of our labours in this region, it would 
be useless to speak at this time, as from their necessary connection 
with the complex features of the country, they could not be referred 
to intelligibly without the assistance of a map and sections. 

Our researches in the region east of the Blue Ridge, conducted 
by professor J. B. Rogers, were in the first place directed to the 
completion of the several sections from the summit of the ridge to 
the western margin of the tertiary, which had been left in an unfin- 
ished state the previous year, and to the construction of additional 
partial sections in the intervening tracts. They were then devoted 
to that portion of the middle secondary region between the Potomac 
river and Albemarle county, which had been hitherto but partially 
examined, and while completing the task of tracing the margin of 
this formation we followed it into Maryland and connected the 
geology of the adjoining parts of the two states by appropriate sec- 
tions. A further examination was also made of the upper secondary 
sandstones from the neighbourhood of Mt. Vernon to the Rappa- 
hannock river, with a view of determining more precisely the limits ° 
of the formation, and in aid of this as well as more general objects 
our observations were carried to some distance within the adjoining 
primary and tertiary tracts. 

By these and collateral researches in the coal measures of Hen- 
rico, Goochland, Chesterfield and Powhatan, additional light has 
been cast upon the geological relations of these two closely allied 
formations to each other, and to the middle secondary rocks, and I 
may mention as aresult of much interest in American geology, that 
all my observations in these various tracts lead to the conclusion, 
that while the upper secondary sandstones appertain to the Oolitic 
period of British geologists, the coal measures, somewhat more an- 
cient, connect themselves with the Lias, and the middle secondary 
rocks with the New Red Sandstone. | 

In the chemical department of thé survey, in which I have been 
chiefly aided by my brother, our progress has been quite satisfac- 
tory, but the analyses remaining to be executed, make it necessary 
to continue this branch of our labours throughout the winter. - 

Numerous sections, framed from observations made during the 
past season, are now in progress, which together with the detailed 
reports relating to our labours in the field, will furnish employment 
for my assistants for some time to come. 

From the above sketch of our operations in the field during the 
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past season, the board will perceive that the progress of our re- 
searches has been fully commensurate with the anticipations on this 
subject expressed in my last report, and I take great pleasure in 
announcing the fact, that with the exception of the two counties on 
the Eastern Shore, our field work has been in all important points 
completed. In thus postponing the examination of the counties east 
of the Chesapeake, I have been guided by the wish to advance our 
labours with all practicable speed in the other and more difficult 
parts of the field, which could only be done by maintaining an un- 
broken continuity of observation, and that from the knowledge al- 
ready possessed of the very simple geology of the district in ques- 
tion, I feel quite assured that the requisite explorations can be made 
with comparatively little labour. To this remnant of our work, as 
well as certain other local examinations in the marl region and 
other parts of the state, 1 purpose devoting the necessary attention 
during the coming season. 


COMPLETION OF THE SURVEY -AND PREPARATION OF THE FINAL 
REPORT, 


Having bronght the active labours of the survey thus near to 
their completion, I am now entering upon the task of preparing the 
final report. Those who like the board have been able to follow 
me and my assistants in the diversified and laborious researches in 
which we have been actively engaged for nearly six years, and who 
- reflect upon the immense extent of ground over which our explora- 
tions have been carried, the largest area ever subjected to systematic 
geological examination in any part of the world, will be at once 
prepared to form a just idea of the number and extent of our re- 
sults, and of the magnitude of the task of producing a full report on 
the geology of the state. To those interested in the survey who 
may not be thus prepared to conceive the extent and nature of such 
a report, it may suffice to say, that besides embodying in a digested 
form every important result, general or local, attained in the prog- 
ress of the work, and of which but partial and unconnected notices 
have been given in my annual reports, it will comprise an ample 
series of sections and other drawings illustrating the geology of 
every part of the state, together with a geological map of its entire 
surface, exhibiting each formation in its appropriate place. 

Such being the task before me, I feel that it would be quite im- 
possible to complete it even in two years from the present time, 
unless I am allowed the assistance of my corps until the close of the 
geological year in April next, and even with this assistance there 
will still remain to be performed so large an amount of labour con- | 
nected with the arrangement of the cabinet, the preparation of the 
sections and map to accompany the final report, and other tasks 
collateral to that work, and which ought to be in progress while I 
am éngaged upon it, that unless some aid for these purposes be al- 
lowed me, it will be impracticable to have the report in readiness to 
be presented to the legislature at its next session. 

The necessity of thus continuing my present corps in service 
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until April, will at once appear from considering first that the labour 
of drawing up in systematic form the observations made in the field 
during the past season, and of constructing the corresponding sec- 
tions and maps, is of itself sufficient to keep my assistants busily 
eroployed until near the close of the winter; and, secondly, that 
these materials if thrown upon my hands in an undigested shape, 
and unaccompanied by the detailed explanations which the observer 
alone can give, would be so little available for the purposes of final 
publication, as to make such a premature disbanding of the corps 
tantamount to the sacrifice of a large part of the labour and outlay 
oi the last season. 

It should moreover be borne in mind that the large mass of de- 
tails collected in previous years, and out of which I am to construct 
the final report, will in many instances require to be corrected or 
modified in accordance with later examinations, and in this impor- 
tant work it is in the highest degree desirable to have the oppor- 
tunity of conferring with those by whom the observations were 
actually made. 

I would therefore respectfully urge upon the board as indispen- 
sably necessary to enable me to draw up my final report in a form 
at all consistent with the great magnitude and importance of our 
labours, and within a reasonable time, that the services of my corps 
as at present organised, be continued until the regular close of the 
geological year in April neat. 

In connection with this request, it is but proper to remark, that 
as our first geological year in the beginning of the survey commenced 
on the 2d of April, and as all the succeeding annual appropriations 
have been regarded as applying to the successive periods of twelve 
months from that date, we have always, as the board is aware, em- . 
braced in our year the whole circle of the twelve months terminat- 
ing at that time, thus giving to the geological a different position 
from that of the jiscal year, though still embracing an equal amount. 
of time. Presuming that a natural misconception on this point led 
to the action of the legislature during the last session, arresting the 
appropriation before the close of our year, and having full confi- 
dence in the wise economy as well as liberality of that body, I can- 
not doubt their ready acquiescence in the request above made for 
the continuance of the appropriation until the 2d of April next. 

But as already intimated, even after that date and while I am 
preparing the report, there will remain to be performed other im- 
portant duties collateral to those of authorship, and essential to the 
great objects of the survey, which if devolved upon myself alone, 
would so retard my labours as to render it impossible, however 
earnestly I might toil, to have the report in readiness for the legisla- 
ture during their next session. Among the duties here referred to, 
I would beg leave to specify 

1st. The arrangement and labelling of our large collection of 
specimens, the gatherings of many years, according to a systematic 
plan, and in reference to the report—itself a work demanding much 
time and labour. 
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2d. The completion and final arrangement of our numerous sec- 
tions and other drawings, and the construction and colouring of a 
geological map of the state from the various partial maps completed 
or in progress. ' 

3d. The exploration of the Eastern Shore, and such further ex- 
amination of certain localities in other quarters of the state as may 
be demanded in the progress of the report. 

Nearly all these labours it will be readily perceived are essen- 
tially connected with the arrangement of the report and could only 
be carried on, consistently, with the desirable harmony of plan, at 
the same time that I am engaged upon that work. 

Thus impressed with the magnitude of the task I have to per- 
form, and earnestly desirous of completing it at an early day, I feel 
it my duty to request of the legislature a further small appropriation 
to be applied after the close of the geological year, in aid of the col- 
lateral duties above described. The least amount adequate to these 
purposes on the most restricted scale of expenditure, would, I con- 
ceive, be $2500, out of which I would propose paying the salaries 
of those employed, and defraying other necessary expenses. 

In calling upon the legislature for this special appropriation, I 
would particularly ask attention to the fact, that the sum required 
falls short of the unexpended portions of the two last annual appro- 
priations, and that therefore its devotion to the purposes of the survey 
has in effect been already authorized, and I would wish it to be borne 
in mind that in organizing my corps for the last two years on such a 
scale as to make the annual expenditureless by more than a thousand 
dollars than the sum allowed by the legislature, I have had steadily 
in view the necessity of aid such as that now requested, collateral 
to the preparation of my report, and essential to a proper comple- 
tion of our labours. 

‘In making this request, therefore, nothing more is asked than the 
authority to apply, to purposes essential to the completion of our 
work, a part of the sum providently saved out of the previous ap- 
propriations, through an anxious regard to the most eflicient and 
economical application of the funds of the state. 

It gives me great pleasure to be able to add, that with the ap- 
propriation for the present season continued to the end of the geo- 
logical year, and with the authority above requested for the ém- 
ployment of $2500 dollars of unexpended appropriations, the entire 
expenses of the survey from its regular organization in 1886 to the 
completion of the final report, will still not amount to more than 
$45,000. 

This sum, as the board is aware, falls short by about 5000 dollars 
of the amount mentioned in my report of 1836, as probably neces- 
sary for the execution of the survey, and bears but a small ratio to 
the sums devoted to similar surveys in other states of less area and 
of more simple geological structure. 

In conclusion, I would remark, that while I am duly sensible of 
the magnitude and difficulty of the tasks I have still to perform, 
before the fruits of our researches can be made available to the 
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public and men of science at home and abroad, I am cheered by an 
increasing sense of the permanent benefits which are to flow from 
our own and the other great surveys now approaching their com- 
pletion. Regarding with friendly emulation the labours of all whe 
are united in the grand enterprise of making known the geology, 
and through it, the native resources of our common country, I may 
be indulged in expressing the satisfaction with which I reflect upon 
the peculiar productiveness and grandeur of that portion of the field 
which it has been my province to explore; nor can I close the pres- 
ent report without renewing the earnest wish, not unmingled with 
patriotic pride, that I may be enabled to give to the world the em- 
bodied results of our labours in a form worthy of the magnificent 
truths disclosed in the geology of our state, and of the noble aspira- 
tions of its liberal and enlightened citizens. 
Wm. B. Rogers. 


ANALYSES 
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RESULTS OF ANALYSES. 


In view of the characteristic or typical ingredients of mineral 
springs, they may be divided into: 


1. Carbonic or Acidulous, in which Carbonic Acid and Carbonates 
give character to the water, particularly Carbonates of Lime 
and Magnesia. 


bo 


. Sulphurous, in which Sulphuretted Hydrogen or Hydrosulphates, 
or both, are predominant. 


SS) 


. Alkaline, characterised by Carbonate of Soda. 


fom 


. Chalybeate, marked by the prevalence of Oxide of Iron or Car- 
bonate of Iron. In the latter case the Carbonic Acid which 
holds up the Carbonate of Iron is often in sufficient amount to 
render the spring decidedly acidulous. Such waters might be 
termed Acidulous-Chalybeate. The Oxide of Iron in the ordi- 
nary Chalybeate is combined with Crenic and Apocrenic acids. 
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. Sulphuric or Alumino-Chalybeate, containing chiefly Sulphates 
of Alumina and Iron with free Sulphuric Acid. These are the 
Alum and Copperas Springs of some parts of our Appalachian 
belt. 


6. Brine Springs, marked by the predominance of Chloride of So- 
dium. 


PRINCIPAL INGREDIENTS FOUND IN MINERAL SPRINGS. 


Carbonate of Lime, Todides, 
BS of Magnesia, Bromides, 
“4 of Soda, Silica, 
As of Iron, Caustic Soda, 
afi of Alumina, Hydrosulphuret, 
Sulphate of Lime, Sulphides of Sodium and 
‘“* of Magnesia, Magnesium, 


“of Soda, 

¢ of Iron, 

“of Alumina, 
Chloride of Sodium, 

- of Calcium, 

“of Magnesium, 


Organic Matter, 
Carbonic Acid, 
Sulphuretted Hydrogen, 
Oxygen, 

Nitrogen, 

OCarburetted Hydrogen. 
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White Sulphur Springs, Greenbrier Co., W. Va. 


Temperature variable but always thermal—from 61° to 65° Fahr- 
enheit. ‘ 

Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 65.54 grains. 

Quantity of each solid ingredient in 100 cubic inches, estimated 
as perfectly free from water: 


Sulphate of Lime,........s.2. suche 31.680 grains. 
Sulphate of, Macnesig,..... .. > sn Gee 8.241 
Sulphate. of Soda, .%s..4... 11 Rhoades eee 4.050 * 
Carbonate of Lime,.. ... ... «s..cmelsneeeee 1.630: “* 
Oarbonate of Magnesia;:s7>2Perces sae ee 0.506 “ 
Chloride of Magnesium,................«.. O.OFi. tS 
Chloride of Calcium, . + =... nena senna 0.010 * 
Chloride of Sodium, ....../. sss sane 0.226 “ 
Proto-Sulphate of Iron, 2. 1...) 6k wee eek 0.069 ‘¢ 
Sulphate of Alumina,. ..... 002.4). cele oee% 0.012 * 
Earthy Phosphates, .. .-. .... 05s sme a trace. 
Azotized Organic Matter blended with a pro- 

portion of Sulphur; 32>: >... gee about 5 grains. 


Todine combined with Sodium and Magnesium. 


Volume of each of the gases in a free state contained in 100 cubic 
inches : 
Cubic inches. 


Sulphuretted Hydrogon,......%.....sce.ens 0.66 to 1.30 
INIEPODON, «sy - ss « «0.09 =p y.0s oes en 1.88 
MEG oy wuss 2p gn + < alpen «5S 5 ne 0.19 
Carbonic AGid.. . ... + «.~ 5 o= «aces 5 ee 3.67 


While the proportion of the saline ingredients has been found to 
suffer but little variation with the season and weather, that of the 
Sulphuretted Hydrogen and the Sulphur united with Azotized Or- 
ganic Matter has been observed to show very marked fluctuations. 


Salt Sulphur Springs, Monroe Co., W. Va. 
Op Sprina. 
Temperature variable, from 49° to 56°. 
Solid matter procured by evaporation from 100°cubic inches, 
weighed after being dried at 212°, 81.41 grains. 
Quantity of each solid ingredient i in 100 cubic inches, estimated 
as perfectly free from water: 


Sulphate of Limes. M2Ff.A2...... cee 36.755 grains. 
Sulphate of Magnesia,..................08 7.883 
Saiphate of'Sodafen ual... cas alt ws. 2° Seep ue 
Oarbonate of Himépe™......... @RS 4445 % 
Carbonate of Magnesia,............ a.s.e. 1.4384 % 
QOhloride of Magnesium}... ......:.. “PAG O1TGRS 
Ohjoride ‘of Sodium pits. ..... AU 0.6388 * 
Ohloride of Caloimmipytt'’...... . per 0.025 


Iodine probably combined with sodium, 
a minute but distinct trace. 


551 


An Azotized organic matter blended with 


Ge rae 49.000 grains, 
Peroxide of Iron derived from Proto-sul- 

RS 0.042 ‘ 
MMU RINDERUCB es oe oe ee eee eee a trace. 


Volume of each of the gases, contained in a free state in 100 
cubic inches: 
Cubic inches. 


Sulphuretted Hydrogen,................... 1.10 to 1.50 
DME IE ES. ee 2.05 
EM ec eng e EUS S 0.27 
Carbonic rcs. «, «v0.0 .0.0 tistid BO 5.75 


The bubbles of gas that are seen adhering to the sides of the 
spring are composed almost entirely of Nitrogen. 


New Sprina. 


Temperature variable. 

Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 76.87 grains. 

The foregoing list of ingredients in the Salt Sulphur water ap- 
plies to the New as well as the Old Spring, the former having a 
rather smaller amount of saline matter in general, though in some 
ingredients surpassing the other. It has been very minutely analysed, 
and is the first of all the waters in which I was enabled to detect 
traces of Iodine, which it contains in larger amount than the Old 
Spring, and indeed than most of the other waters in which I have 
been so fortunate as to discover this material. 


Humphrey’s Spring, Monroe Co., W. Va. 
(Between the Salt Sulphur and Red Sulphur.) 


Temperature variable, ranging between 50° and 60°. 

Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 49.91 grains: 

Quantity of each solid ingredient in 100 cubic inches, estimated 
as perfectly free from water: 


EINES oe Ca ee ee ag Se ae a 8.730 grains. 
marpnate of Magnosia,.:...... 222 e eee nee 4,239 
0 TED RS OE oye ape alia i vans ry agli 15.540 * 
SEFROUBrS OF Lam, er sO OA ee SS. 6.880 * 
Carbonate of Magnesia,.................. Teor 
Serre OL POUL es se ae ee eee nyse 
Chloride of Magnesium,.......:.......... gD ease 


Iodine probably combined with Sodium.... a trace. 
Peroxide of Iron derived from proto-sul- 
WMASD ee foe ok Oe te MERE £64 Ci oe AINE a trace. 
Sulphur mingled with organic matter, in considerable amount. 
Gases contained in this water, in quantities not yet determined: 
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Sulphuretted Hydrogen, 
Carbonic Acid, 
Nitrogen, 

Oxygen. 


Red Sulphur Springs, Monroe Co., W. Va. 


Temperature variable, from 50° to 54°. 

Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 7.587 grains: 

Quantity of each solid ingredient in 100 cubic inches, estimated 
as perfectly free from water: 


Sulphate of Lime, .% ss... snes ee 0.923 grains. 
Sulphate of Magnesia, . ....u.-ase.seth ae eae 0.064 ‘ 
Sulphate of Soda&,.,; .4. +... ~ tonite Mie PAC 5 
Carbonate of Lime, ........ ces eee #493.“ 
Carbonate of Magnesia,....-..sses0es95 esse 0.788 <“ 
Ohloride:of Sodium, ..... ...4s 25 ae eee 0.042 ‘ 
Chloride of Magnesium,.......:..sseeeieee a trace. 
Sulphideés,” Ja... occa ae in minute quantity. 
Sulphur mingled with a peculiar organic mat- 

terjiisiac wlan. wil. oC. a 3.000 grains, 
Peroxide of Tronjiws i. 602. eee a trace. 
kodine; it) .beuwek ant. 72h ae a very faint trace. 


Volume of each of the gases, contained in a free state in 100 


cubic inches: 
Cubic inches. 


Sulphuretted ‘Hydrogen,!.. 2. 2). aa 0.616 
Oarbonic Acid, fo) 025) on) SOP oo a ee 
ih) rr 2.3820 
OXY ZEN Ny 4,22". ». oh? wee aura Uh syethiens® ee 1.000 
CORRECTED. 
Sulphuretted. Hydrogen,j...:. « .....08+ s2d6 ee 0.462 
Oarbomic Acid) 4. 5:2 016 o's «ds ban ee 2.856 
Nitrogen... .scsinum+ bis tide » O80) W otyes ann 3.115 
OXY GON, 45.10: Genie 04) Se arta ee ye ees Sl 0.420 


Sweet Springs, Monroe Co., W. Va, 
(Drinking spring, near the Hotel.) 
Temperature, 74°, 
Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 32.67 grains: 
Quantity of each solid ingredient in 100 cubic inches, estimated 
as perfectly free from water: 


Sulphate: of Limes diiw bedidiwo. «ae 5.703 grains. 
Sulphate of Magnesia,......... ob. neal. 4.067 ‘ 
Salnbale OF SOUb. an ke pickles Pes 0 xian wate 2.740 
Carbonate! of: Lams,.cehaodidaeazo. disc Jel 13.018 |) 


Carbonate of Magnesia, ................. 0.3857. 


RPMI RC MIMI cio ce ee 0.060 grains. 
Ohloride of Magnesium,............ ..... 0.1386 * 
REMI ae Se ee 0.065 ‘ 
een Pres dusts. eee ale oe O:07bn 
Oireamte Matters... ............ in considerable amount. 
Riemer POSUNEOR, 5. ese ee eee eens a, trace. 
UE es cee ee ne 0.161 grains, 


Volume of each of the gases contained in a free state in 100 cubic 


inches of the water: 
Cubic inches, 


GIS RS 

ED ee 1.87 
SS . a trace. 
Sulphuretted BORGO acc ck ace ee eee a trace. 


Composition of 10 cubic inches of the mixed gases rising in the 
form of bubbles in the spring : 


; Cubic inches. 
SE PON ET Iy Soin ies Shas eleateyein wie a w werd 
TT Ee Se a ee eee a 2.83 


Sweet Springs, southern border of Alleghany Co., Va. 
New Rep Sprine, orn CHAMPAGNE CHALYBEATE. (P. Rogers’.) 
Temperature of eastern stream, 78°; western stream, 75°. 
Solid matter procured by evaporation from 100 cubic inches 


weighed after being dried at 212°, 40.76 grains. 
Quantity of each solid ingredient in 100 cubic inches, estimated 


as perfectly free from water: 


Merete Of LAMO,. . 2s OLA 14.223 grains. 
Sulphate of Magnesia, .........5006sc00- 3.107 
MEE OL 9008. ois tec a OL 1.400 ‘“ 
Meepmnave of Lime, ..2 022232 e seed Deke PAI 
Carbonate of Magnesia, ..........6...60.%6. E166 cS 
Mmlorido of Sodium,....2...........0.d043 0.037 ** 
Chloride of Magnesium,.................. 0.680 ‘ 
Spee. OF Calcigi,........ .donssvest d>« D010) a 6° 
Sra ae! OF-EP OT} 1), 2) 22). ees g be sone .% 0.820 
es UAE siete Do. aeiiacohin oS Hare's OC. 180 shes 
5 pe Matter ois .t6 coded) gids» .2T- na Set rel) 
Mire ris-t Gees face. oo <, 5s SNS et. 


Volume of each of the gases contained in a free state in 100 cubic 


inches of the water: 
Cubic inches, 


PORES OTs 49 oe 8 ee ne sig Saar 46.10 
force WEN ee. LS ee Ee CTS rk eres 2.57 
ee) baa ee Oe 0.20 
Baiphureited FAVA OR Gta obi sx an parete ay a trace 


Composition of 10 cubic inches of the mixed gases rising in the 
form of bubbles in the spring: 
24 


Cubic inches. 
Nimowen, on... .. ws en 6.25 
Uarbonic Acid,.......<..... 20s aiken 3.75 


Composition of 100 grains of the ochreous deposit which collects 
in the basin of the spring: 


Hydrated peroxide of Iron,............0.05. 66.9 grains. 
Carbonate of Lime,.............+0% 1924 10.8 Ford * 
POLL MIs d's 3 «4's a «ro! > Bye arpeakor ieee peeeies ee ee IW aes 
AANINING, . 2. s cw as» > «ssh eee 1.6 zs 
Waconibined Water,..... 27s ieee Me Bae 


In this deposit it is not improbable that a part of the peroxide 
of Iron is united to the silica forming a silicate similar to that de- 
scribed by Davy as occurring in the water at Lucca. 


Oxip Rep Sprine. 


Temperature, 75°. 

Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 33.84. 

Quantity of each solid ingredient in the 100 cubic inches esti- 
mated as perfectly free from water: 


Sulphate of Lime, .......-:.:-:5 <:- leila 9.18 grains. 
Sulphate of Magnesia,......9 .4...55 05a 5.76 
Sulphate of Soda;'?". .;.... .c Swede Mga ae 144 ‘ 
Oarbonate of: Lime). 0 h..209. 22). 10.25 ‘* 
Carbonate of Magnesia,..............:. iad, SoBBy bef $ 
Ohl6ride of Sodium, 4.04. voto). See ee 0.80 ‘* 
Chloride of Magnesinm,................. 

@hiéride of Oalcium,....... +--+... i et 
RUIOAA  wiekgls aca alent a 0.4 
Peftoxide of. iron,........:..-++-s - en 

Organic Matter,......,..:->+2 +: > eee 


Gases contained in a free state in 100 cubic inches of the water: 
Carbonic Acid, 
Nitrogen, 
Sulphuretted Hydrogen. 
The amount of each of these gases in the water has not yet been 
determined—nor has the presence of oxygen been ascertained. 
Composition of 10 cubic inches of the mixed gases rising in the 
form of bubbles in the spring: 
Cubic inches. 
Nitrogen, . ws chp dis ale ste ties eee SDF ORS 
Carbonic Acid,...... weteecectatus sus On 2.27 


Sweet Spring No. 2, on Frerp Sprina. 


ated in Mr. Rogers’ field further 
down the valley than any of the others. Temperature, 72°. 

Solid matter procured by evaporation from 100 ecubie inches 
weighed after being dried at 212°, 41.20 grains. 
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Volume of each of the gases contained in a free state in 100 cubic 


inches of the water: 
Cubic inches. 


re 30.55 


Ie ees 1.66 
eo actu $I BCE. 


Composition of 10 cubic inches of the mixed gases rising in the 
form of bubbles in the spring : 


Cubic inches. 


on de a ‘fi 
Ne sg Le nn oe mvs wren 2.8 


Bussirwne Fountarn. 


About 200 yds. below the New Red Spring; issues from the soil 
accompanied by a very copious discharge of gas. 

Temperature, 74°. 

Composition of 10 cubic inches of the mixed gases: 


ts oa a8. cae “wie wae we ve « 8.13 
ke a Se 1.33 
Se sr ed a a a 0.54 


Hot Springs, Bath Co., Va. 


Borrer Barn. 
Temperature, 106°. 
Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 13.25 grains. 
Quantity of each solid ingredient in the 100 cubic inches, esti- 
mated as perfectly free from water: 


MRE EIDE 5, odin worse crsis coals stemperee arere © 1.750 grains. 
fmipnate Of Mapnesia,.. ... 6.6 a. cede en e's 0.890, ¢.S° 
OUI orgies is. = sizicte Cece bard « nes 4a Cen 
Memmonato of Limes: o/i.5 02 cee ida ces 6.557 “ 
Darponate of Magnesia,........6...62.000: Leiba 
Chloride of Sodium with traces of Chloride 

of Magnesium and Calcium,............. S70. att 
RG CEE et ee 0:708°4°*" 
SI LARUE te a Fcc nous 5 bie Oo 
MES. DAAGLOD Ss ce Pes. dos ene es in small amount. 


Volume of each of the gases contained in a free state in 100 


eubic inches of the water: 
Cubic inches. 


SEG Ba bart ae gre ee eae 11.007 
CUOMAS Ls SER OPCs ass Cura sen oe te 1.790 
CR a ou eee ee aga a Paine one bas nee Ft 0.220 
Sulphuretted Hydrogen,...........2...000: a trace. 


Composition of 10 cubic inches of the mixed gases rising in the 
form of bubbles in the spring: 


Cubic inches, 
Nitrogen,. ........ 25 5... «. cio 8.48 
Garbonic Acid, ....... ... ..% «<.0ieu eee 1.02 
03.0:/:5:) | ES 0.50 


Rep SprING. 


Temperature—on one side 105°, on the other 96°. 

Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 15.61 grains. 

Ingredients the same, and in nearly the same proportions as the 
preceding. The chief difference is in the larger amount of Peroxide 
of Iron, which in the 100 cubic inches is 0.84 grains. 

Volume of each of the gases contained in a free state in 100 


cubic inches of the water: 
Cubic inches. 


Carbonic Acid,............ + seeaan 11.60 
Nitrogen, as'.[o% ‘sw 001 jus siahcheda tee 1.50 
OXYZeN,. ove os s.r 0.24 


TEMPERATE OR PLEASURE BATH. 


Temperature, where the spring enters the east side, 102°. 
Composition of 10 cubic inches of the mixed gases rising in the 
form of bubbles in the spring: 


: Cubic inches. 
Nitrogen,..........,-+++.0++s +p anne 
Oarbonic’ Acid, >}. 22222 20020) Le See 1.25 


Spout. 


Temperature far up the tube, 108°. 
Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 12.78 grains. 


; Kes. Cubic inches. 
Free Carbonic Acid in 100 cubic inches,....... 11.82 


Hot CHALYBEATE IN BARREL. 


Temperature, 1024°. 

Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 18.12 grains. 

The same ingredients, in very nearly the same proportions as in 
the Boiler Bath, the Oxide of Iron being in rather greater quantity. 

Volume of each of the gases, contained in a free state in 100 
cubic inches of the water: 

Cubic inches. 


Garbonig A eid soe. Sei vas cece dew be 
BR OTR Sos inc kn mining soar shal,» oa 1.8 
CAEP OBI ee nti c een woe. sous ule OO 0.2 


Composition of 10 cubic inches of the mixed gases rising in the 
form of bubbles in the spring: 


Cubic inches, 


a ek eet ee tee 
re 0.6 
MSIE: occ. soe ee cee ee 1.9 


Sweet Sprina. 
Temperate, 93°. 
Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 14.5 grains. 
Ingredients the same and nearly the same proportions as the pre- 
ceding. 
Volume of each of the gases, contained in a free state in 100 


cubic inches of the water: 
Cubic inches. 


IMM le oon nie se ss wa siegbie dolce e's 11.70 
ETE See Peer 2.10 
re ee 0.35 


Warm Springs, Principal Bath, Bath Co., Va. 


Temperature: of the spring generally, 96°; of the principal 
stream as it enters, 974°. 

Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 10.64 grains. 

Quantity of each solid ingredient, in the 100 cubic inches, esti 
mated as perfectly free from water: 


0 8 A 5.123 grains. 
Smnate. OF Magnesia, .. ..,. 2.) 2. cee cee nee 0.452 ** 
ee ee Ciel Of Toren 
Semmens Of LiMe,........-.-.-.6.ceenues 2.098 
Derponate of Magnesia,.:....00 0.05. 0.4565 0.694 * 


Chloride of Sodium with faint traces of 
Chloride of Magnesium and Calcium, or- 
ganic matter probably Crenic Acid, Silica, 
Oxide of Iron in part united with organic 
matter. 


Volume of each of the gases, contained in a free state in 100 


cubic inches of the water: 
Cubic inches. 


Sampnuretted Hydrogen,............600sse eee 0.19 
BOOT 200% . ceethie: HUM ear aed wists! oe 1.62 
ERG: AGhiss3. nA Sana Sede. is 2.64 


Composition of 10 cubic inches of the mixed gases rising in the 


form of bubbles in the spring: esate 
ubic inches, 


BrEEPOSOD.. 5 bce fs ko PetdC. wids en Hed es 9.8 
BENT AGIA r,s ca fas sey shies ae ls Fides 0.12 
Sulphuretted Hydrogen,............-.+++-- a trace. 


Ree ee a ais's ee bdtemele Oye a trace. 
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The drinking spring presents the same ingredients in the same 
proportion. 
Blue Suiphur, Greenbrier Co., W. Va. 
Temperature variable from 49° to 56°. 
Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 44.62 grains. 


Sulphate of Lime, :...7aGe83% .eiks Sete 20.152 grains. 
Sulphate of Magnesia,. ........ 10.5), uublak ee 2.760 ‘ 
Sulphate of Soda,:i4..0:.. Se ae Oe T021 LoS 
Oarbonate of Lime,. ..... .s:.igsa ieee eee OE eee 
Carbonate of Magnesia,................0. 0.481 * 
Chloride of Magnesium,:................. 0.407 ‘ 
Chioride of Sodinm.,.. <.. [> wasn Bo 
Chloride of Calcium,.: ; : 222s see aeee Te. ONG 
Iodine probably combined with sodium, ... a trace. 
Sulphur mingled with a peculiar organic 

matter, in considerable amount—say,.... 5.000 “ 
Peroxide of Iron derived from Protosul- 

phate, . 22 anjndinn es. > ven EU Bee 


Volume of each of the gases contained in a free state in 100 
cubic inches: 


Cubic inches. 
Sulphuretted Hydrogen, :>.', 03> 2sea. «eee 0.573 
Nitrogensnnn 60.2. oe ono oles ae 3.250 
OXYGEN, fs... a see kbs hae 2 ee en 0.500 
Qarbonic Acid;..........: 20°30... aee 2.750 


The gas adhering to the sides of the spring is nearly pure Nitro- 
gen. 
SPRINGS CONTAINING FREE SULPHURIC ACID. 


Alum Spring—Rockbridge Co., Va. \ 
Temperature varying from 50° to 56°. 


Contents in 100 cubie inches. 


Sulphurio Acid). 6..05.0502..9°48 ee 14.398 grains, 
- Sulphate of Protoxide of Iron,............ 2.0385 ‘ 
Sulphate of Aluminay.' ooo. ood. od. Tae 6.916, “ 
Sulphate of Lime,............. » 2a 0.150  * 
Biiphate of Mapnesia,...:.......... eae a trace. | 


Brinkley’s Alum Spring, at the eastern foot of Warm Spring 
Mountain (now Bath Alum, Bath Co., Va.). 


Temperature varying from 50° to 56°. 
Contents in 100 cubie inches. 
Peay G AS. iii. Scs. - ajeinceun outa 
Sulphate of the Protoxide of Iron,........ 
Sulphate of Alumina, .........s000eeeeee a 
Sulphate of Limes: oss Fs. CURT OS, a ; 
Sulphate of Magnesia,..........ceeseeeees 
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Sour Spring at White Sulphur—Marsden’s, Greenbrier Co., W. Va. 


Contents in 100 cubic inches. 
eee 
Sulphate of Protoxide of [ron,............ 
UEC 1 IIIA 2. O05) 220.) 3 oe gee wn 
UMMABERIOL UMMC Sa odecie. os sb eee cee. 
Sulphate of Magnesia,.......:......... 


Alum Spring, Rockbridge Co., Va. 
Temperature varying from 50° to 56°. 


Contents in 100 cubic inches. 


GU iS ee 18.508 grains. 
eS a Ee 0:967.7) * 
i as pl edawchl. bo: 3.875  ‘ 
Magnesia, 22s. soe solo... fit mimute quantity, 


Brinkley’s Sour ‘Spring, at the eastern foot of the Warm Spring 
Mountain (now Bath Alum, Bath Co., Va.). 


Contents in 100 cubic inches. 


RMR, wg sc occ wee ood esie wy anes @ 17.620 grains. 
OE ITOD oo on as in ncepe oie cab cian bes V2en ye 
OR ans ae 2.850 ‘ 
RE a. event Fe dene 0.020 « 
Ny Bin i.e Shi.0°h cs Gi sfory alas n wk a wine $4 a trace. 


Sour Spring near the White Eulyhur—Greenbrier Co., W. Va. 
Contents in 100 cubic inches. 


IM eh oS os te a5 m AS ne beni 6,48 48.830 grains. 
MEL LEO 55 ns cnn cg cs esp ina ep eae IZ 120s 
RS Sots es on ee ee! 1G. 2007 
Eee ers OE OED CG BOT 5,648  * 
OTR gt I Pe a ead ple a ae a trace. 


Rawley Springs, Rockingham Co., Va. 


Temperature of the larger of the two adjacent springs, 524°. 
ce s smaller se oe sé 54°, 
spring higher up the hill,........ 52°. 
Solid matter procured by evaporation from 100 cubic inches of 
the water from the larger spring yielded: 


ce oe 


DENURNITEL OG ST OU o tat: Pe te ne, oie s 0.368 grains. 
Garbonate,of Limegwil: siiist bevels anil iv. 0.050 *%* 
Phlnrinde of Sodium is. desis. Sessile 

Chloride of Magnesium,................. 0.860 % 
Sulphate of Sodiuin, «0.2... slsres erase en 


Oroanio Matterjiiiy.). 45.05 0% in considerable amount. 
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No free gas rises in either of the springs, nor is it ascertained 
that the water contains Carbonic Acid. It yet remains to be deter- 
mined whether the Iron is in a state of Protocarbonate or of Crenate. 


Gray Sulphur Aperient Spring, Va. 


Temperature variable from 50° to 58°. 

Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 10 02 grains. 

Quantity of each solid ingredient in 100 cubic inches estimated 
as perfectly free from water: 


Carbonate of Soda, . av. «2 08 gee 1.745 grains. 
Sulphate of Soda, = .< ct... .sas eae ee 0.365 =‘ 
Chloride of Sodium,..... . ee See ae 0.3385 =“ 
Chloride of Potassinm,.. ...-....sseene eee a trace. 
Carbonate of Lime,....-..........5ssmeneene » OOTet = 
Carbonate of Magnesia, . i ORNS eas 2.463 “ 
Silica held in solution by the Carbonate of 

Soda, ..... 000.00 .40 se ee 0.750 
Per oxide of Iron derived from Protocarbon- 

ate et So. JC) wih? RE ee 0.090‘ 
Organic matter containing Nitrogen,..... a large amount. 
Carbonate of Ammonia...) .< <ceeeeee a trace. 


Volume of each of the gases contained in a free state in 100 
cubic inches of the water: 
Cubic inches. 


Oarbonic Acidj.i.... 20666000 es co 6.182 
Sulphuretted Hydrogen... <2... .!. /a ee 0.410 
A oe atin bla lal wis’sie\ e's ja! siss"la 'elatet anda ht staan 3.000 
OXV PON... 5 ns 1 a,s + - > sm Se 1 aimee 0.400 


The bibles adhering to the sides of the spring consist almost 
entirely of Nitrogen. 


Gray Sulphur Anti-dyspeptic Spring, Va. 


Temperature variable from 50° to 58°. 

Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 9.98 grains. 

Quantity of each solid ingredient i in 100 cubic inches estimated 
as perfectly free from water: 


Oarbonate of Soda, .. . .. «2.42 + «0p 2.462 grains. 
Sulphate of Soda, v.00). nah va 0.432 
Chloride of Sodium, . ..........,.. 55. see 0.210 * 
Oarbonate of Lime,. 20) F097. 25) 2. 2.840 “ 
Oarbonate of Magnesia, . si... 2. ee t.632.~" 
Silica held in solution by the Carbonate of 

DOOR, . nab ae eh ahs 14405 Shh ay <n 0.3823 
Peroxide of Iron derived from Protocarbon- 

OLG,.5 1.4 .5s4m Som Siem ee acetate es ae he ed 0.050 * 
Organic Matter containing Nitrogen,..... a large amount. 
Carbonate of Ammonia,............. 0.008. a trace. 


Chloride of Potassium,... sates 66 ota eas a trace, 
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Volume of each of the gases contained in a free state in 100 cubic 


inches of the water: 
Cubic inches. 


ePIC ee cee ewe 6.537 
PuaOtLOd EIVUFOPOn,..-. 2... . we eee. 0.203 
a a ll a rr rr 3.070 
ore oe sein eee 0.400 


The bubbles adhering to the sides of the spring consist almost 
entirely of Nitrogen. 


Howard’s Lick-in Hardy County, W. Va. 
A quantity of the water not very accurately measured, but be- 
lieved to be about 200 cubic inches, yielded of solid matter, 8.63 
grains. This contained: 


EG a 5.332 grains, 
Serene Or SOCIUM, .......-. --. 2. ee eee 0.460 ‘“ 
OT DE ea OLP8gn7 ss 
MEO RAtO OT LIMO. 2 er es 0.441 ‘ 
Carbonate of Magnesia,.:.:............... 0.200 * 
NC O20) Fs 
Silica held dissolved by the Carbonate of 
Eo fae oh doo oo He hn oan ag ed Galen 
Organic Matter,........... .... in considerable amount. 


The gases contained in this water are chiefly Carbonic Acid and 
Sulphuretted Hydrogen. 


Dickson’s Sulphur Spring in Alleghany County, Va. 


Temperature variable—about 54°. 200 cubic inches of this water 
yield by evaporation of solid matter, 7.47 grains. This contained: 


ES 2 a errr ae 2.255 grains. 
EOE IOGIUIN ooo 5 cies 5 sign bien ae hdidie 0.050) oe 
BEL OL POLASSIUM,.. 6. aos omc. ences s a trace. 
MUIIATOCOL LING, oars one cocaie = oye dn tcle ane’ 2.480 ‘ 
Carbonate of Magmesia,................06. nid Sates, 
Peroxide of Iron probably derived from 

MMTYOIIALET So Sec hes. ha Sees cece ee 0.030 * 
Silica partly held dissolved by the Carbonate 

LSTA TS i Fars vos, rd WON s SBA es FY. 0.9607 * 
INR DL AIOE oso) oleate Ae tlacepeareincig BUY s in small amount. 


The gases contained in this water are chiefly Sulphuretted Hydro- 
gen and Carbonic Acid. 


Dibbrell’s Spring, (now Dagger’s, Botetourt Co., Va.). 


Temperature variable, from 50° to 58°. Solid matter procured 
by evaporation from 100 cubic inches, weighed .fter being dried at 
212°, 14.75 grains. 

Quantity of each solid ingredient in 100 cubic inches estimated 
as perfectly free from water : 


Carbonate of Soda 9.2.14 Se eee 2.486 grains. 
sulphate of Soda,...7....... ..agsuee een 0.914 ‘ 
iiloride of Sodium,......, 22. 4.115 .* 
Chloride of _Potassinti, ..\, ee eee a trace. 
Uarbonate of Lime, *.”.'.”.'2.. seen 3.485 _ ¢ 
Oarbonate of Magnesia,.... 202079000 GoID 
beets of Iron derived from Proto-carbon- 
2.20 we oc. lu Sip Se 0.430 * 

Silicn held dissolved by the Carbonate of 

Soda, OI ook Ga707 


Organic matter containing Nitrogen not capa- 
ble of very accurate determination, about 2.000 “ 
Carbonate of Ammonid, .<. 2-s55.0. ee en a trace. 


Volume of each of the gases contained in a free state in 100 
cubic inches of the water : 


Cubic inches, 
Carbonic Acid, ..... ... . ..:c.«.0.7l gus i=inaeane ee 11.356 
Sulphuretted Hydrogen,. ... ... ss, cemue- ee eee 0.910 
Nitrogen and Oxygen,.......... in minute quantity. 


The above amount of Carbonic Acid is more than sufficient to 
convert the Carbonates into Bi-carbonates. The additional dose of 
Carbonic Acid required for this, and the remainder which is un- 
combined are as follows: 

Cubic inches. 
Second dose of Carbonic Acid,............%.. 6.546 
Uncombined, ..°02 0.0, . 2). = 4.810 


The gas which rises from time to time in the spring is a mixture 
of Carburetted and Sulphuretted Hydrogen—chietly the former. 


McHenry’s Thermal, Scott Co., Va. 


Temperature, 68°. 

Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 26.04 grains. 

Quantity of each solid ingredient in 100 cubic inches, estimated 
as perfectly free from water: 


Sulphate of Lime,.. 1) st Javlea!). Dae ae 7.827 grains, 
Sulphate of Magnesia, ......0....00i.0s00 See 0.248 
Sulphate of Soda, ..............s.0.018 20.00.00 SI i774“ 
Qarbonate if; Limo) ..c-0i 4:00-0:58) oof See 6.343 ‘* 
Carbonate of Magnesia,............. 000 ee ae 1.544  ‘ 
Chlorides of Sodium, Magnesium and. Cal- 

CUI, S  dasoladede o'vesu0 swe) eee _ 0.680. * 
TOrOXIOG OLwITON, cain. » oehvue sina ce» eRe a trace. 
AITCONIG MARU. ik eice wtcsin she ashe APA a minute quantity. 


Amount of free Carbonic Acid, very considerable, but not yet 
accurately determined. Little or no “gas rises in bubbles in the 
spring. 
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Edmondson’s Spring—Jennings Gap Road, Augusta Co., Va. 


Temperature from 50° to 54°. 
Solid matter procured by evaporation from 200 cubic inches, 
7.38 grains. 
Quantity of each solid ingredient in 200 cubic inches estimated 
as perfectly free from water : 
SEES OES ee 1.322 grains. 
TE SS OG eee a trace. 
MEME ces oe 5s gc a ve UDA IRS 
dle ten a Aa ita ec tay 
Osrponate-o: Maonosia,...........:........ 
Peroxide of Iron probably derived from 
MIOREDONALG, cc... cc. ee ete ce en 
Silica held dissolved by the Carbonate of 
Sete rece. pond ph tees 
EE pac Sealey Ia aa eae 


The gases contained in the water are chiefly Sulphuretted Hy- 
drogen and Carbonic Acid. 


Wilson’s Thermal, Botetourt Co., Va. 
- Temperature, 65°. 
Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 22.85 grains. 
Quantity of each solid ingredient in 100 cubic inches estimated 
as perfectly free from water: 


Te a 8.090 grains. 
muummeceor Mapnesia,...-.........02..5.. E29 
CL GY: Ree 3.5382 ‘ 
MIIMOIORPLAMO). oo... ew lc ee eens 5.000 
Oarbonate of Magnesia,................... 0.520 ° 
Chlorides of Magnesium and Sodium,... minute quantity. 
EET sic tia, hs ows ss sw Pes oso a trace. 
SIMRIIREED os 0 e s ois 5 os anew ne ny inte 

NS 0 oe ois s e's a sipnr + apa min ao eae 


The amount of free gas contained in this water has not yet been 
determined. There is little doubt that it consists of Carbonic Acid 
with a small admixture of Oxygen and Nitrogen gases. 

The bubbles occasionally rising in the spring, are composed of 
the same three gases—the Nitrogen being in much larger volume 
than either of the others. 


Yellow Sulphur Springs—Montgomery County, Va. 


Temperature, 54°. 

Solid matter procured by evaporation’ from 100 cubic inches 
weighed after being dried at 212°, 48.21 grains. 

Quantity of each solid ingredient in 100 cubic inches estimated 
as perfectly free from water: 


Sulphate of Lime, ty .1 4d. «asin te 27.42 grains. 
Sulphate of Magnesit,.... . sam» sale eee SE, 
Sulphate of Soda,... do. bn. «cake (01 9 
Carbonate-of ‘Lime, 2... wa a2 ee eee 4.32 ‘* 
Oarbonate of Magnesia,... <4... diens one Eo SR 
Chiocrids of Sodinm,,;. .<. 220 eee eee Othe 
Chloride of Magnesium,...... 0) .-<s«u. aes a trace. 
Peroxide of Iron,..... quantity small, not yet determined. 
Organi¢é Matter, :.:..... 22. age somewhat abundant. 


The gases contained in the water are Carbonic Acid, Nitrogen 
and Oxygen, with a faint trace of Sulphuretted Hydrogen. 


Preston’s Spring— Montgomery County, Va. 


Temperature, 54°. 

Solid matter procured by evaporation from 100 cubic inches, 
weighed after being dried at 212°, 50.37 grains. 

A complete analysis of this water has not yet been made. So 
far as examined, its composition has been found almost identical 
with that of the preceding. 
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Temperatures of the Warm, Hot, and Sweet Springs, as ob- 
served by J. A. Chevallie, Esq., in 1806, and by my- 
self and Dr. J. B. Rogers in 1884 and 18388. 


PARTICULAR SPRINGS. 
Warm Springs, Bath,............ 
ditto, Drinking Spring,. | 
Hot Springs, Spout,............. | 108° 
| 
ditto, Ladies’ Boiler, when 
ditto, Ladies? Boiler, in en- | 
tering stream,.... | 
ditto, | Gentlemen’s Boiler, | 
entering stream,.. 
ditto, | Reservoirinto which | | 
the Spout empties, | 
ditto,  Chalybeatein Barre!, | 102° 
ditto, | Red Spring in mead- 
ow near Boiler,.. | 98° | 96 
ditto, | Warm Spring adja- 
eent to Barrel | 
INS Gy sivay ares 92° | 
ditto, | Temperate, or Pleas- ) 
mre Bath, . sok... 
ditto, Limestone Springun- 
der the hill,...... 68° | 
ditto, Freestone Spring... | 53° 
Sweet Springs, Bath............. 74° 
ditto, Rogers’ Red Spring, 
ditto, Old Red Spring at | 
WME. wicigts Ramone ee 75° 











| | 105° and 106° 








° and 105° 


1806. | 1834 and 1838, Remarks. 


96° | 96° and 974° | The former the gen- 





eral temperature 
of bath, the latter 
of the principal 
stream as it en- 


ters. 
96° 
1083° The latter taken 
highup the spout, 
mouth 108°. 


At opposite sides. 
107° 
108° 


102° 
102° 


At opposite sides. 


At the entrance of 


temperatureat its 
stream. 
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Table of mean temperature of the air at the Warm Springs 
and at Richmond, for each month from November, 
1884, to October, 1835, inclusive. 





Warm Springs. Richmond. 

183454506 November, seeu:...\++> « <neeee 45°.4 47°.36 
Bilis sees SIOCOTUNOL oon 5 <sir's sins 4 5 Ee 35°.1 89°.67 
aS56.3.. 2%: RPRENLELL'Y 4 6 ete ce ntsc 26 arf 34°.4 38°.36 
Sai oe February: 0s. see. eee eee 26°.5 32°.10 
alte edison March... tas@t. ee ew: tae 39°.9 45°. 6 
Sry B.5- ot April... tc vem? ut rcdeklne 49°.6 56°. 8 
ere, ML BY, 5) shes iene <tsaps tests a 61°.0 65°. 0 
22) A DHHS, eb irc eae. Sh otra hee Ce 65°.4 72°44 
ee See i UWLYLES, ve Ye vlncn 4 dees aA 70°.6 75°.60 
Os tie Aupuet, inves y tee sates aera 69°.7 TS? 
Ape eee Peptom DEr,..Asieis's em ee ee ge 58°.3 62°. 5 
Se Tene ee = OUOUGE co cat cee ee 55°.4 60°.67 











Mean of 12 months,.......... 50°.9 55°. 8 
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OBSERVATIONS OF SUBTERRANEAN TEMPERATURE IN THE 
Coat Mines or EAstern VIrGInIA. 





From TRANS. OF THE Assoc, OF AMERICAN GEOLOGISTS AND NATURALISTS, 1840-1842. 


Tue important law of an augmenting temperature as we descend 
to considerable depths beneath the surface of the earth, has, it is 
well known, been amply demonstrated in regard to Europe, by the 
numerous observations made in the mines and artesian wells of that 
portion of the globe, but with the single exception of Humboldt’s 
observations in Mexico, no direct recorded proof has yet been fur- 
nished of its direct applicability to the Continent of America. The 
results detailed in the present communication, forming the first pub- 
lished confirmation of this law as regards any part of the United 
States will, therefore, it is conceived, be viewed as an important 
contribution to our knowledge on the subject, and will, it is hoped 
conduce to more extended observations of the same description in 
other parts of our country, where the requisite opportunities exist. 

The mines in which these results have been obtained, lie in the 
most productive part of the Odlite coal-measures of Eastern Vir- 
ginia, and are of various depths from 100 to nearly 800 feet. These 
coal-bearing strata rest upon an irregular basin-shaped floor of 
sienitic and gneissoid rocks, which forms the lower limit of the 
workings, and is penetrated for a few feet by some of the deeper 
shafts, as well as by the shallow ones nearest the margin of the 
field. They consist in great part of felspathic and micaceous sand- 
stone, the coarser beds of which, formed of the almost unworn ma- 
terials of the neighboring crystalline rocks compactly reunited, are 
sometimes scarcely distinguishable from the weathered portions of 
the parent mass. 

The coal, consisting of a single seam, or of two contiguous seams, 
having an aggregate thickness varying from twenty to fifty feet, 
lies within a few feet and sometimes a few inches of the undulating 
floor, separated from it by bituminous slates and shales. Beds of 
the latter material, abounding in impressions of plants, and in some 
localities with those of fish, rest directly upon the principal mass of 
coal, and occupy the interval between the seams, where there are 
two. 
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The most common dip is towards the west, often at a very high 
angle, but owing to original irregularities in the gneissoid floor, and 
enormous dislocations subsequent to the filling up of the basin, the 
strike and inclination of the beds are subject to sudden and great 
transitions. 

The open texture, high inclination, and fractured condition of 
the strata, favoring the descent of streams from above, cause a large 
influx of water into many of the workings. This forming part of 
the liquid collected in the wells at the bottom of the principal shafts, 
prior to its removal by the buckets, imparts as I have always found, 
a lower temperature to the mass of water there accumulated than is 
proper to the bottom strata. The small streams flowing from be- 
tween the surface of the granite and the coal, or from the rocks 
above the coal, have, on the contrary, always presented a close ap- 
proximation to the temperature of the strata from which they make 
their escape. I have therefore whenever practicable, resorted to 
such streams, occasionally comparing their temperature with that of 
the adjoining rocks, by a thermometer, duly inserted in the mass. 

Some of the following observations, it will be seen, were made 
in workings in active operation, and where the heating effects of 
the workmen, mules, and lamps, might be supposed to have made 
the results too high. The amount of their influence, however, could 
not have been considerable, as’the temperature was determined by 
plunging the thermometer into a body of water continually replen- 
ished from the rock. Indeed, as will be proved in the sequel, this 
influence upon the average result was more than compensated by 
the cooling effect of the drippings from above. 

The remaining observations were made in shafts just completed 
or in progress, and where the chief modifying influence was the 
cooling agency of the drippings from the higher beds. 


I. OBSERVATIONS MADE IN MINES ACTUALLY OR BUT LATELY IN 
OPERATION. 


1. At Mill’s and Reed’s Mine, called the Creek pit, the tempera- 
ture was taken at three different levels, by plunging the thermometer 
for some time into the water collected at the bottom of the main 
shaft, and the shafts connecting the lower levels. The amount of 
water accumulated at these points was very considerable, and the 
liquid was continually drawn off by the engine and replenished from 
the galleries of the mines. The following were the results: 


Depth. Temperature. 
BIB fetbp.. aadant’ ost 2 cacetingcen tay See 59°.5 
S1D tis sfeiem “martebs anueetneteiel> vel + ai eee 61 
ADD on clown hea sseseutntaanccncn® <j ait edt CGIN < 63 


2. Greenhole Pit. This is one of the comparatively shallow 
mines at the margin of the field. When the observation was taken 
there were but few hands employed in it. The temperature ob- 
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served was that of a collection of water at the bottom of the shaft, 
about a foot in depth. Result: 
Depth. Temperature. 


ety se cee 58° 


3. Engine Pit belonging to the Black Heth Co.—The air of this 
mine was obviously a good deal heated when the workings were in 
active progress, and I therefore selected for my observations a gal- 
lery remote from any present operations, and in which no work had 
been done for some time. The thermometer was immersed in a 
pool of water about 18 inches deep continually supplied from the 
neighboring strata. It was afterwards inserted for some time into 
the rock of the floor, and with the same result, which was— 

Depth. Temperature. 
RN Ba tise. <5 yo any ohn of m 4.0 cio, 6 ln 63°. 

The temperature of the water at the bottom of the main shaft of 
this mine was found to be 61°.5; but in this case it was evident 
that a large amount of liquid flowed from the upper strata and thus 
reduced the temperature of the whole. 


4. Wiils and Michael’s Pit.—The works were in active progress 
in this mine when the observations were made. The temperature 
first noted was that of the water at the bottom of the main shaft; 
the second, that of a similar pool in the lowest level. The results 
were— 


Depth. Temperature. 
te elt le eninge a rate aie mite i 62° 
Ee a ce cc eg cas ec he hp ee 65°.5 


Il. OBSERVATIONS MADE IN SHAFTS EITHER JUST COMPLETED OR IN 
PROGRESS. 


1. Black Heth New Shaft (1836).—This shaft, which was in prog- 
ress at the time of my observation, had reached the depth of 3880 
feet. The water at the bottom, which collected rapidly, was de- 
rived in part from the small streams flowing in from the adjacent 
rock, and. partly from that which dripped from the edges of the 
higher strata. ‘The temperature of the liquid in a small pool was 
60°. That of the rock, as shown by a thermometer inserted deeply 
into a crevice on one side, was 61°.5. But the free access of moist- 
ure and air had no doubt depressed the temperature slightly, even in 
this position. Upon exposing the bulb to a stream of drops coming 
from some distance above, it indicated a temperature of 59°. It is 
therefore evident that the true temperature of the rock, at the bot- 
tom of this shaft, is somewhat over 61°.5. 

Depth. Temperature. 
er tente i7incre polite. Leaizs Sposa <siace Bb slots 61°.5 

2. Midlothian New Shaft (1839).—This shaft cutting through a 
seam of coal 36 feet thick, penetrated a coarse grit for a few feet, 
and then struck into the sienitic floor. Immediately above and be- 
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neath the coal, and from the rock in contact with the sienite, nu- 
merous small streams were flowing out into the shaft. In the low- 
est of these the thermometer was exposed until its temperature be- 
came stationary. The following was the accordant result of several 
such observations: 
Depth. Temperature. 
TOU TCOU, so. oe a+ «2+ ang « rale nn eg 68°.75 


3. Midlothian New Shaft (1842).—This shaft, in the same field 
with the preceding, and near it, had at the time of my observa- 
tions reached the depth of 600 feet. Near the bottom it passed 
through a thin seam of coal and coal shale, in all about six feet, and 
beneath this to the bottom, a distance of about ten feet, it exposed 
dark argillaceous slates, the main mass of coal not having then been 
attained. 

At a point 330 feet below the top of the shaft, a beautiful and 
rather bold spring issues from the sandstone, which is conducted 
downwards by a gutter cut in a spiral form around the shaft. The 
temperature of this stream, where it first appears, was carefully 
measured, and found to be 61°.75. At the bottom, numerous very 
small streams come in from the rock. These all agreed in giving 
the temperature 66°.25, which I therefore infer to be very nearly the 
temperature of the strata at that depth. The very copious drippings 
from above, together with the spring before noticed, blending with 
the infiltration from the strata near the bottom, formed a con- 
siderable pool, requiring the active use of the buckets. The tem- 
perature of this mixed water I found to be 638°.5. 

At the time of these observations only two hands were at work 
in the shaft, and there had been no blasting for some time before I 
descended. I therefore consider the observations on the spring at 
330 feet, and the small streams at the bottom, to be as accurate in- 
dications of the temperatures at those depths as this or perhaps any 
oer method of examination admits of. We have therefore in this 
shaft— 


Depth. Temperature. 7 
880' foot, ) so. AOC eee ee 61°.75 
GOO SON, OTE LT La, ee 66°.25 


The former of these results, it will be seen, is slightly above the 
temperature of the Black Heth new shaft, previously cited, though 
this shaft was fifty feet deeper. This difference is doubtless owing 
to the very large amount of cooler water which descended in drip- 
pings to the bottom of the Black Heth shaft, causing a decided re- 
duction of temperature in the rock, in which the thermometer was 
inserted. 

Assuming 56°.75, the mean temperature of Shockoe hill, Rich- 
mond, as a sufficiently near approximation to that of the region of 
these mines, which is only about twelve miles from the city, the fol- 
lowing Tables will exhibit the results of my observations, together 
with the excess of the subterranean temperature, at each depth, over 
the average heat of the surface: 
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TABLE I.—OpsrRVATIONS IN MINES IN OPERATION AT THE TIME. 











Depth. | Temperature, Excess, 
Greeuholé Bit 1. zaedls. sci. 100 feet. 58° aes 
Mills and Reed’s Pit,......... 318“ 59°.5 2°.75 
Jil Ca Shona Ran singe 375“ 61° 4°,25 
ep 420% 63° 6°.25 
Black Heth Engine,.......... 412° *¢ 63° 6°.25 
Wills and Michael’s,.......... 886 ¢ 62° 5°25 
BMA, yA X S000. Sissies 's HY (0 65°.5 8°.75 





Taste I].—OBsseRVATIONS IN SHAFTS EITHER JUST COMPLETED OR 
IN Progress. 








Depth. | Temperature. Excess. 
Black Heth, new shaft, ....... 380 feet. | 61°.5 4°75 — 
Midlothian (spring),.......... S30. ** | 61°.75 5° 
ditto,  (bottom),........ 600 “+ =| «66°. 95 9°.50 
Petes 101CGP),.,.-...... 780° | 68°.75 127 





Making no deduction for the depth of the invariable plane, the 
results embraced in the first table give, as the rate of increase of 
temperature with the depth, 1° for 74 feet. 

Assuming sixty feet for the depth of this plane, a distance which, 
from the open and moist condition of the rocks, I think more likely 
to fall below than to exceed the truth, and calculating the ratio of 
increase beneath this point, I find it to be 1° for 62 feet. 

Making like computations in reference to the second table, the 
results are— 

Ist. Estimated from the surface down, 1° to 66 feet. 

2nd. Estimated from the invariable plane down, 1° to 59 feet. 

Comparing the numbers deduced from the two classes of obser- 
vations together, it will be seen that the diminution of temperature 
in descending is slower in the mines in active operation than in 
recently opened shafts; so that, whatever may be the extraneous 
heating influences affecting the former, they are more than counter- 
balanced by the permanent cooling due to the descent into all parts 
of the mine of the cooler water from above. 

Comparing the three last observations in table second, the two 
former of which were made in the same shaft, and the last in one 
only a few hundred feet removed, there is ground for inferring that 
the rate at which the temperature increases grows less as the depth 
augments. In descending from 330 feet to 600, that is through 270 
feet, the rise of temperature is 4°.5; while in descending from 600 
to 780, or through 280 feet, the rise is only 2°.5. This difference 
would, I think, have been less, could I have obtained the tempera- 
ture at 780 feet free from the cooling influence of the copious drip- 
pings from above. Yet even with the most liberal allowance, there 
would still remain evidence of a diminishing rate of increase with 
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the depth, such as has already been remarked by Mr. Fox and other 
European observers. 

Considering the observations in the Midlothian shaft at 330 
and 600 feet, as the ones most exempt from any known source of 
error, and deducing the rate of increase from them, I find the result 
to be almost precisely that inferred from table second, that is 1° for 
every 60 feet. 

I may therefore, I think, in conclusion, affirm as approximately 
true, for the region in which these mines are situated, that from the 
invariable plane downwards for many hundred feet, the temperature 
augments at the rate of 1° for every 60 feet of depth. 
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On THE ConneEcTION ofr THERMAL Sprincs in VIRGINIA, 
with ANTICLINAL AXES AND FAULTS. 


FROM TRANSACTIONS OF THE ASSOCIATION OF AMERICAN GEOLOGISTS AND NATURAL- 
IsTs, 1840-1842, 


THE proximity of some of the noted Thermal Springs of Europe 
to lines of remarkable disturbance in the stratification, appears to 
have been early noticed. Whitehurst long ago, in his Theory of 
the Earth, alluded to this peculiarity of geological position, when 
speaking of the waters of Matlock. In recent times similar ob- 
servations have been greatly multiplied. Stifft has made particu- 
lar mention of saddle-shaped elevations of the strata, often accom- 
panied by fractures, as marking the position of the thermals of Nas- 
sau. Hoffman has described the waters of Pyrmont, as flowing out 
in a valley of elevation of a nearly circular form. Conybeare and 
Buckland have called attention to the remarkable dislocation in the 
neighbourhood of the Bristol hot wells, and Lyell and Murchison 
have noticed similar phenomena in the vicinity of Aix, in Provence; 
while Forbes has made known the important fact, that a large class 
of thermals in the Pyrenees, and probably elsewhere, flow out at 
the common boundary of the hypogene and stratified rocks. 

Further instances of the association of thermal springs with dis- 
locations of the strata, and other marks of uplifting and intrusive 
action, are mentioned by Dr. Gardner in his valuable treatise on 
mineral and thermal springs, and still more lately by Dr. Daubeny, 
in his Jucid and comprehensive report on the same subject to the 
British Association. To the latter distinguished geologist we are 
indebted for many interesting speculations founded on these and 
other peculiarities of thermal springs, viewed in their connection 
with the theory of volcanic agency, of which he has long been the 
ingenious and zealous advocate; and to Professor Bischoff, of Bonn, 
we are under equal obligations for an elaborate and masterly analy- 
sis of the mechanical, geological and chemical conditions connected 
with the flow of such waters, together with an explanation of their 
temperature and impregnation, deduced from the theory of a gen- 
eral subterranean heat. 

With the exception of brief and rather incidental notices pub- 
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lished by myself and others, and the communications of Dr. Dan- 
beny to Silliman’s Journal and the Ashmolean Society, no account 
has yet been given of the peculiarities of geological structure, asso- 
ciated with the thermal springs of the United States. Indeed, the 
supposed rareness of their occurrence in this country, compared 
with many parts of Europe, and their comparatively slight excess 
of temperature in most instances over the ordinary springs, have 
naturally rendered them less inviting as subjects of observation. It 
is hoped, however, that the details about to be presented, by prov- 
ing their frequency in a part of the Appalachian chain, in which 
until of late years only a few were believed to exist, will encourage 
a search for them in other parts of this extended mountain belt. 

My objects in the present communication are jirst, to call atten- 
tion to the very frequent occurrence of thermal springs among the 
axes of the Appalachian chain in Virginia; secondly, to indicate 
certain laws of position, by which I have found them to be governed, 
and thirdly, to point out the important bearings of those facts when 
connected with the peculiar geology of the region, upon the theory 
of a generally diffused internal heat. 

According to the views of Professors Daubeny and Bischoff, 
every spring is to be regarded as Thermal whose temperature ex- 
ceeds the atmospheric mean of the region in which it is situated: 
and in conformity with this definition, the former of these philoso- 
phers has proposed, “in constructing a scale of temperature in re- 
gard to them, to calculate it not by their actual warmth, but by the 
degree of their excess above the mean of the climate.” The pro- — 
priety of this suggestion, which he has himself carried into execu- 
tion in the very valuable Table appended to his ‘ Report on Mineral 
and Thermal Waters,’ is obvious upon a moment’s consideration. 
Thus we know, that the ordinary superficial springs under the equa- 
tor have a temperature as high as some of the celebrated thermal 
waters of Europe and America. In Mexico the temperature of sev- 
enty-two degrees, corresponding with the mean of the climate, be- 
longs to the common springs, while in. Virginia the same temper- 
ature renders decidedly thermal the well known fountains of the 
Sweet Springs Valley, which rise in a region whose average is about 
fifty-one degrees. 

Admitting that the elevated temperature, observed in mines and 
Artesian wells, is dependent upon a generally diffused internal heat, 
increasing with the depth, and not upon chemical or voleanic agen- 
cies of local operation, the class of thermal waters, as above de- 
scribed, ought to include a large proportion of such springs as are 
not of superficial origin. Indeed, under any view of the sources of 
their temperature, all springs ought to be included in this class whose 
heat is invariable, or when liable to change never sinks below the 
atmospheric mean of the place.* Some decidedly thermal springs, 
as, for example the White Sulphur Springs of Virginia, display con- 
siderable variations of temperature with the change of seasons or of 


* Of course this is not intended to include springs originating in glaciers 
or near the tops of high mountains. 
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weather. It would, therefore, not be correct to assume permanency 
of heat as the criterion of thermal character, however completely, 
in the ordinary circumstances of springs, such permanency would 
seem to prove that the waters in which it is observed belong to the 
thermal class. It may be fairly assumed in general, that a spring 
presenting a uniform temperature, or one which, in its fluctuations, 
never descends below the atmospheric mean, cannot be dependent 
for its heat upon the atmosphere and superficial strata. Hence the 
general dissemination of such springs over a widely extended region, 
Surnishes the strongest evidence for the existence of a perennial source 
of heat within the earth. 

As remarked by Bischoff, the coldest springs of uniform temper- 
ature, provided they do not derive their waters from a neighboring 
mountain, will exhibit the nearest approximation to the average 
temperature of the country ; but will always be alittle, though it may 
be a very little higher. Guided by these views, he has shown, from 
extensive observations in Germany and other parts of Europe, that 
thermal springs are of far more frequent occurrence than had been 
supposed, and indeed, that nearly all the copious mineral springs 
there, and probably, by inference in other parts of the continent, are 
of this denomination. Out of twenty mineral springs in the vicinity 
of the Lacher See, which he continued to observe at different sea- 
sons for several years, the coldest always exceeded the mean of the 
place by about two degrees and a quarter, thus proving them all 
to be unquestionably thermal. Similar observations on the springs 
of the Dippe, Jordan, Pader, and Heder, flowing from the foot of the 
chalk rocks of the Teutoburges-wald, brought to light the fact that 
out of siaty-siz running fresh water springs, only three had a tem- 
perature below forty-seven and three quarters degrees, the mean of 
the place, making sivty-three to belong to the thermal class. In like 
manner Prof. Forbes found the temperature of a number of copious 
springs upon the Rhine, not before supposed to be thermal, to ex- 
ceed by several degrees the mean of the place. 

Observations of these slightly thermal, as well as of warmer 
springs, though thus numerous in some parts of Europe, have per- 
haps been too much confined to such regions as are known or may be 
supposed to have been at one time the theatre of local volcanic ac- 
tivity, to admit of our inferring, with confidence, that the elevation 
of temperature thus observed, is the result of a generally pervasive 
heat within the earth. Indeed, the very frequent occurrence of in- 
trusive igneous masses, among the rocks of a large part of Europe, 
is calculated to weaken the force of such an inference generally, as 
applied to that portion of the earth’s crust. 

In this country, the vast belt of mountains occupied by the Ap- 
palachian strata, presents, as I conceive, a region peculiarly favorable 
for unambiguous observations of this class, in consequence of the 
absence, excepting along its eastern border, of trappean or other 
erupted rocks. It is therefore greatly to be regretted, that so little 
has been done towards an accurate determination of the temperature 
of the perennial springs of this region, more particularly of such as 
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are situated near conspicuous axes and lines of fault. From my own 
observations made from time to time during the last eight years, 
chiefly in Virginia, I am led to conclude that a great proportion of 
the copious and constant springs of this belt, and more especially 
those of our great limestone valley, are truly though slightly ther- 
mal, and that they owe to a deep subterranean source the remarkable 
uniformity of temperature they exhibit. As, however, accurate de- 
terminations of the atmospheric mean, as well as minute observations 
on the springs at various seasons, are requisite in deciding with cer- 
tainty upon their thermal character, and as we are yet very imper- 
fectly provided with these data, the question, with regard to a great 
number of our bold springs, must still remain unsettled. I therefore 
restrict myself in the present paper to a notice of such as are de- 
cidedly unequivocally thermal. 

The following Tables comprise all the well-marked thermal 
Springs of Virginia, either previously known, or which have been 
regen to light by myself and my assistants, in the survey of the 

tate 

Table I, relating principally to the thermals which are best 
known and most resorted to by invalids, includes, in regard to most of 
them, a statement of the names and relative quantities of the evolved 
gases, with the names of the gaseous and principal solid ingredients. 

In Table II, these particulars are omitted, as being of less pres- 
ent interest with regard to most of the springs it embraces, but oc- 
casional notices are annexed of the evolved gases and of the contents 
of the waters. I may add, that a minute account of the ingredients 
of our thermal and mineral springs generally, derived from a long 
series of analyses in which I have been engaged for many years, will 
be made public in another form. It will be seen, that some of the 
springs, embraced in Table II, have a temperature but little above 
the atmospheric mean, yet their thermal character is believed to 
have been fully established by the permanency of this excess. 


CATALOGUE OF THE THERMAL SPRINGS OF VIRGINIA. 


Table I. 

Name of Spring. Geographical position, Geological position, 
Warm Springs,.....+++- Warm Spring Valley, | In_anticlinal axis_of 
Bath county,...... formation II., of Va. 

and Pa. reports, 
1 | 1, Principal Bath,......] ........ sees eee eeee | ceeceeeseeenccesceens 
2/2. Drinking Spring, <0...) 200.000. 0. o cee old | Sele lee elee siemleeiealamial 
Hot Springs,....ccesees Same valley as above, | In same axis as above, 
in Bath county... < |. »+= osanienee eee 
8.|.1. Gentleman’s Boiler,..|...-s<>seesscees+sces | oon snes pe 
2. Spout Bath,........0] sssconccesececnsvese | «0 «ss mines ann 
5 | 3. Red Spring, as LAPP er 





17 
18 


28 
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Table I.— Continued. 


Name of Spring. 


4, Pleasure Bath,....... 
5. Barrel Spring,....... 
6. Sweet Spring,..... ose 
7. Gents’ Lower Spout,. 
8. Ladies’ Hot Spout,.. 


GOR EIA, «1.202526 


Geographical Position. 


ee 
i i i ee) 
ed 
Ce 


meow. of Warm 
Spring, on road to 
Bull Pasture,...... 


Sweet Alum Springs,*..| 3 miles 8. W. Hot 


1, Toothache Spring,... 
2. Healing Spring,..... 
3. Spring near Road,... 
Falling Spring,.....++. 
Sweet Springs,.......+. 
‘ “eg MeO Spring near 


Snake Run Springs,..... 


1. Two large Springs, .. 
2. Less, but Cold rin 


Bath Springs,*........- 
1. Spring near hotel,.... 


2. Southwest of (1),.... 
3. Southwest of (2), .... 


White Sulphur,........ 
Wilson’s Thermal,..... 


McHenry’s Spring,..... 


Springs, 


eereeeseees 
eeoee ere eee ee eeee esos 
eee eee ee ee ee eeeeenee 


eeeereeee eee esse eree 


Near Covington,..... 
Sweet Springs Valley, 
Alleghany county,. 


eee eee ewer ee See tees 


er ee eee e reese eeeeeeee 


eer eee eee ee] seereeeee reese eeeeeeee 


eee eeeeeeeee sees eoeene 


Near N. E. end Sweet 
Springs Valley, ... 


eee eee ee ee ee eeeessr ee 


Warm Spring Ridge, 
Bath, Morgan coun- 
ty, 


eeeeeeeee teense 


eeee rere ee eeeeeeeeee 


Greenbrier county,.. 


Near Long’s Entry 
ereek, Botetourt 
QOUNEY, oopeccccess 


Near N. fork of Hol- 
ston river, Scott 





Geological Position. 


eeeseeeeo es ee eeoeeeesed 
erro eee eo tee ee eeeeeeee 


ee ee ee eeeee ee eeeees een 


In the above axis near 
N.W. termination of 
expos. For. I. 


In above axis, For. II. 


eevee ee ee eee e seer eese 
eee e eee eee eseeeeee esos 
esee reese eee seaoseeeeees 


eee eeeee eee toes etseee 


Near S. W. end of same 
axis, For. II. 

Anticlinal axis passin 
into fault. N. Ww. 
side of II. 


eee eee ee ee esr eereeeseee 


eon ee ere eee ee eeee er eees 


ee ee eres eee eeaeseeeeeee 
eee eee eee tose eee eeeeee 


oe eee eee eee eee sere eese 


In same axis, termina- 
tion of For, IL. 


eee e ee ee eee eereees eee 


eeeeeer ee eee eee eo ee es ee 


S. E. flank of anticli- 
nal axis of Capon Mt. 
in For. VII. 


ene ere eee e eee eeeereee 
ee ee eee ee eee eeeeeeeee 


ee eee eee eee eee eee eens 


In anticlinal axis of 
For. VII. 

In anticl. of For. VII. 
N of axis of 


Biggs’ Mt. 


Near fault, bringing 
For. IL. in con. with 
For. XI, in XI. 


* For modern names sce Appendix. 
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HOOODNTAOP 


i 


Temp. Neti <0 ie EE 
of 1 a 100 cubic inches contain Total in 100 cubic inches, 
2 | gi [oS | le eee 
ONG eh dees 2 afta at host ra 5 ko oe ae a 
51° |98. | 2.6, #, 2 1.62 Trace| 2.64} 0.21 | 10.64 grs. consist of 
Sul. Lime,S. Mag. 
S. Soda, Carb. of 
Lime. 

6b 66 66 Gh | 766 sige be 6c oe G8 Magnesia, ete. ~ 

“© 184.85. |10.2 * 1.79 0.32/11. |Trace| 13.25 grs. do., with 
a decided amt. of 

| carbonate of iron. 

PAN) OU SS 1. hg Gane 197 8 TS ee 12.73 grs. same. 

 |s4. | 0 114. | * 11.50, 0.24 11.6 |..... 15.61 grs. same. 

66 197.5]. 0-/19.5'0..1. 2001 ar 

6 175..|..6 |19. |...11.80,0,9 dd deB lsaaes 13.12 grs. same. 

Sead & wis WACO s Sh 2.10, 0.85 j1LiFoicceee 14.5 grs. same. 

oe seat eee 5 9 ek ee a secs Jocee [aeeee| 42-00 QTS. SAME. 
Be ey a <5 ath Peis Fey pealon 5 ....| 13.8 gTS. Same. 

Si i naroie slope danas & Peg PEE RSET ye: es Chlorides of Sodium, 
Calcium and Mag. 
exist in all these 
waters in. small 
amount; also very 
faint traces of Io- 
dine. The same 
is true of those 
which follow as 
far as 26. 

lL aade ede foreadasn | aege hea een 

Sadie «fF 28.3).../1.87)Trace|/31.87|Trace| 32.67 grs. main in- 
gredients same as 
above. 

weeks 77.3 22.7|.../2.12} *¢ |85.6 |.....| 88.81 grs.same, with 
more Carb. Iron. 

Us ae 62.5)..../387.5).../2.57| 0.20 46.1 |.....| 40.76 grs.same, with 
more Carb. Iron. 

ere 82. } 5 (18. Scie ™ {apiece c'lavohatnca tent 

gasats 77 .2|....|22.8 1.6 |Trace!30.55).....| 41.21 grs. same. 

52? 189.7| 9.2| 1.1]...|1.82] 0.12] 1.14)...]|4.75 grs., chiefly 

6b es ce 66 oe ‘74 <4 Carb. Lime and 
oe 74 179 “ec 
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CATALOGUE OF THE THERMAL SPRINGS OF VIRGINIA. 


Table I.— Continued. 


Gases evolved. 






































Gaseous Ingredients. 


“ iT “c j 





Principal Solid Ingredients. 


Mag. and Sulph. 
of same basis. v 





Temp. | Temp 
of of 
spring. | place 


36): 61-654) oe Poe. 








ee 
28, 68 | 53? 
Temp. | Temp 
of of 
spring.| place. 
29| 57 | 52% 
80; 56|.... 


3155-75) .... 


$2) 64 |..... 
83| 57 |..... 
84| 55 

85) 54 |..... 

86) 64 

37| 61 

OS 
ee ae 


Table I.— Continued. 


Gases evolved, 


eeesloreeoleseeisoecelsece 
1 


Name of Spring. 
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Gaseous Ingredients, Principal Solid Ingredients. 
100 cubic inches contain Total in 100 cubic inches, 
é s 
a5 < a 
Be ee ae 
° ie) wo 


soeeleeeele--/1.78/ 0.19 | 2.07 


Table LI. 


Geographical position. 





Bond Springs. 


1. Enclosed spring. 


2. Open spring. 
3. Open spring. 


Capon or Cacapon. 

1. Principalspring. 

2.Spring higher 
up mountain. 

8. Spring higher 
than (2). 

4,Spring higher 
than (3). 


Kayser’s Thermal. 

1. Large spring. 

2. Five smaller 
springs. 


Mill Mt. Spring. 


Cedar Creek 
valley, Shen- 
andoah co. 


Near Watson- 
town, Hamp- 
shire co, 


Near Clifton 
Forge, on 
Jackson riv- 
er, Allegha- 
ny co. 


Panther Gap, 
Mill Moun- 
tain, Rock- 
bridge co. 


Haycock’s Spring. | N. W. side of 


Big Sandy 
ridge, Hardy 
county. 


ie ry 65.54 ors. Carb. of 
Lime and Mag.; 
Sulph. Lime, 
Mag., and Soda ; 
chloride of So- 
dium, Magn. and 
Calcium, &c.; Sul. 
Hyd. of Magne- 
sium; Sulph. Iron; 
a marked amt. of 
Todine. Sulphur 
blended with or- 
ganic matter. 


agate BENE 22.85 grs., same as 


1, 2, &e. 


erence eh: 26.04 ors. same. 


Geological position, 


In steep anticlinal axis of 
For. VI. Springs bold 
and constant. Some 
gas—Nit. and C. acid. 


N. W. side of anticlinal 
axis of Paddy’s Mt. 
From vertical strata of 
For. VU. Copious and 
constant. 


S. E. side of anticlinal of 
Rich Patch Mt. From 
For. VI. Copious and 
constant. Some gas— 
Nit., Carb. acid and Ox. 


S. E. side of anticlinal of 
Mill Mt. From For. VI. 
Copious and constant. 


Anticlinal axis of North 
River Mt. from For. 
VI. Very bold and 
constant. 


Table IT.— Continued. 
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41 


42 





43 


44 


45 


46 
47 


48, 





49 


50 





51 


52 


53 





60 


56 


57 


72 
75 





- | Temp. 


of 


.| place. 





51 
522 





Name of Spring. 


Geographical position. 





Pearce s Spring. 


Springs near War- 
densville. 


Busby’ s Spring. 


Nap’s Creek Spring. 


Walker's 
Springs. 

1. Largest spring. 

2. Less-springs. 


Valley 


Springs near Gal- 
bracth’s. 

1. Lower spring. 

2. Upper spring. 


Springs. <A great 
group of ther- 
mals covering 
nearly half an 
acre. 


. Kimberling spring 


Edmonson’s Big 
spring. 


Limestone spring. 


Limestone Spring. 


Strickler’s Spring 


Buford’s 
Springs. 
1st Spring. 
2d Spring. 
8d Spring. 


Gap 








Near Pearce’s 
furnace, N. 
W. side of 
Paddy’s Mt. 


Hardy county. 


W.of Wardens- 
ville, Hardy 
co. 


Near Hunters- 
ville, Poca- 
hontas co. 


Valley of Walk- 
er’s Creek, 
Wythe co. 


eee eee ee eesees 


On Hunting 
Camp creek, 
near june. with 
Wolf creek, 
Giles co. 


Kimberling 


fork, Giles co, 


Near Roanoke 
river, Floyd(?) 
co. 


Near east base 
of Little 
North Mt., 
Shenandoah 
co. 


Near Milford, 
Page co. 
Entrance of 
Strickler’s 
Gap, Rock- 
bridge co. 


E. of Blue 
Ridge, at Bu- 
ford’s — gap, 
Bedford co, 


8. 


Geological position. 


N.W. side of anticlinal of 


Paddy’s cove. Junction 
of For. VI. and VIL. 


N.W. side of anticlinal of 
Chestnut Ridge, from 
For. VII. 


N.W. sideof anticl. of Big 
Sandy. From june. of 
For. VII. and VILL. 


Anticl. axis of Brown’s 
Mt. For. VI. Much 
gas, Nit. C. acid. 


Axis in For. II. Rocks 
nearly vertical. . Bold. 
Gas. 

No gas. 


Steep beds of For. II. 
Near fault of Draper’s 
valley. Very bold 
springs. Gas. 


Near N.E. end of anticl. 
of Burk’s Garden. 
From For. VII. 


Anticl. of Little Flat 
Top Mt. For. VI. 


Fault in F. II. Copious. 
Much gas, Nit., dc. 


Inversion of For. II. on 
IU. with fault. Flows 
from II. Bold; no gas. 
Inverted axis of For. LI. 
Very copious. 


Inverted axis of For. II. 
Very copious. 


Inversion of For. II. on 
Ill. with fault. Flows 
from II. Bold. Nit., 
Ox., and C, acid. 


Junction of For. I. with 
Hypogene rocks. 
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The details embraced in the preceding tables of our thermal 
springs, will, I think, justify the assertion, that in no region hith- 
erto described is the connection of springs of this class with the 
structural features of the district in which they occur, so uniformly 
and extensively displayed as in our Appalachian belt. The jifty-siz. 
springs here enumerated embrace twenty-jive distinct lines and indi- 
vidual localities, situated in various and remote parts of the Valley, 
and the mountainous belt adjoining it on the northwest, making 
in all an area of about fifteen thousand square miles. Sorty-six of 
these springs are situated on or adjacent to anticlinal axes, seven on 
or near lines of fault and inversion, and three, the only group of this 
kind yet known in Virginia, close to the point of junction of the 
Appalachian with the Hypogene rocks. 

It may therefore be announced as the prevailing Jaw, as regards 
the more decided thermals of Virginia, and I have reason to be- 
lieve of other parts of the Appalachian belt, that they issue from 
the lines of anticlinal axes, or from points very near such lines. 

A glance at the several short sections accompanymg this paper, 
aided by the following brief comments, will serve more particularly 
to illustrate the conditions under which they thus generally occur, 
and to impart just conceptions of the structure of the districts in 
which they are situated.* (Plate No. II.) 

Szotion I. From the Warm Springs to the Little North Moun- 
tain. 

Srotion II. Passing through the Hot Springs. 

Section III. Passing through the Gap Spring and Ebbing Spring. 

Section IV. Through axis at Kayser’s Springs. 

In the first of these Sections are embraced three thermal locali- 
ties, presenting distinct geological conditions. In the most western, 
that of the well known Warm Springs, the water comes to the sur- 
face in the line of an anticlinal axis. In the next, that at the Mill 
mountain, it flows out on the southeastern side of the axis, and in 
the third it issues from rocks presenting a great inversion, accom- 
panied by a fault. 

The Warm Springs rise to the surface through fissures, in a mas- 
sive bluish limestone, a part of Formation I, of the Virginia and 
Pennsylvania Reports, and corresponding to the Black river lime- 
stone of the New York geologists. This rock forms the surface of 
a long and narrow anticlinal valley, extending from beyond the Gap 
Spring (Section III) to the neighbourhood of the Falling Spring 
(Table I, No. 15,) a distance of about thirty miles, nearly in a direc- 
tion from northeast to southwest. Beyond this, towards the north- 
east, the higher formations close over the limestone, forming a lofty 
unbroken mountain, in the prolongation of which the axis gradually 
dies out. A similar though more rapid change terminates the axis 
at the southwest, its entire length being about sixty miles. 

The rocks on the northwest side of this axis, forming the Little 
Warm Spring mountain, are in general either vertical or overturned, 


* The scale of the Sections is 24 miles to the inch or twice that of the large 
State map. The eastern part of Sec. VIII is by mistake, too much expanded. 
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while those on the southeast, constituting the lofty and massive range 
of Warm Spring mountain proper, present a moderate, southeast- 
ern dip, excepting at a few points where the inclination for a short 
distance is much steeper.* ‘The line of thermals situated in this 
axis, includes those of Table I, from 1 to 15 inclusive. Of these, 
the least thermal, the Gap Spring and Falling Spring, are found to- 
wards the extremities of the anticlinal valley ; those nearer the cen- 
tre of its length, the Warm Springs and Sweet Alum Springs, have 
a much higher temperature, and the Hot Springs, occupying a 
central position, are the warmest of all. At the latter point the 
flexure of the strata appears to have attained its maximum, and is 
of the folded kind, the rocks of the northwest side of the valley, 
and of the Little Warm Spring mountain, being inverted for a thick- 
ness of about three thousand feet. 

The amount of water issuing from these springs is so great as to 
form the chief part of the Warm Spring creek, Cedar creek, and 
other streams flowing out of the valley towards the northwest. 
At all these Points much gaseous matter is evolved along with the 
water, consisting in great part of nitrogen, with some carbonic acid, 
a very little and in certain cases no oxygen, and at two or three 
points a slight admixture of sulphureted hydrogen. 

The position of this valley between two lofty ridges, which 
uniting at its opposite extremes form a complete enclosure around 
it, and the steep inclination of the strata along the western part of 
its surface, are just such conditions as might be expected to give 
rise to a large accumulation of water at great depth, and to furnish 
a hydrostatic force capable of raising it to the surface. It appears 
to me, therefore, that in speculating upon the mechanical agencies 
concerned in the emissions of these thermals, we are not called 
upon to imagine any other force than that of the simple pressure of 
aqueous columns, either continuous or interrupted by gases accumu- 
lated in the same fissures or cavities within the earth. Nor in trac- 
ing to their origin the temperature, evolved gases, and the chemical 
ingredients of these waters, do I conceive that any further condi- 
tions are required, than the access of the air and meteoric waters to 
rocky masses at a great depth below the surface, and whose temper- 
ature, due to that depth, sustains the chemical actions necessary to 
give the proper impregnation to the springs. 

In glancing the eye along Section I, it will be seen that the 
flexures of the strata are such as to give the axis-planes an oblique 
position, dipping towards the southeast; a structure equally distinct 
also in the other sections, and which is in conformity with a general 
law, already announced by my brother, Prof. H. D. Rogers and my- 
self in a joint paper ‘‘On the Structure of the Appalachian Chain ” 
read to the Association. In consequence of such a flexure, the 


* This unusually steep inclination on the southeast side of the axis, is seen 
opposite the Warm Springs on the main road, 

+ To this paper, and the accompanying Sections and Diagrams I would 
refer for a full exposition of this law, and for explanations of the terms normal 
and folded flecures, axis-planes, &c., used in the present article. 
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strata of the Mill mountain, on the western side, are thrown into an 
inverted position; those on the east, in which the Thermal of Pan- 
ther Gap rises, preserving a moderate dip towards the southeast. 
This bold spring, accompanied by a good deal of gas, chiefly nitro- 
gen, issues from beds of limestone belonging to our For. VI, nearly 
equivalent to the Pentamerus limestone of New York. 

The same conditions accompany the group of thermals marked 
on Section IV. The strata here are more slightly inverted on the 
northwest, and their ewrvature is so well preserved, even in the 
massive beds of sandstone, (For. IV, Shawangunk grit of New 
York,) as to present, in the grand exposure at Clifton forge, a vast 
rocky arch of more than half a mile in span. 

The thermal at the southeastern extremity of Section I, is asso- 
ciated with a different structure. The limestone (For. II) of the 
great Valley is here, as in most places near the foot of the Little 
North mountain, thrown over upon For. III. This inversion, due to 
a folded axis lying parallel to and southeast of that ridge, though it 
often extends entirely through the mountain, at this point ceases 
with the eastern outcrop of the lower beds of For. IV. At the 
junction of Formations II and III, the latter is much crushed, and 
a slight fault occurs. It is near this spot, in the limestone, that the 
warm waters make their escape. The thermal, marked at the 
southeastern extremity of Section X, occurs under precisely the 
same conditions, rising in the same rocks, thrown into the same 
inverted attitude. 


Srction V. Across the Sweet Spring Valley. 


The structure of this valley, like that of the Warm Springs, is 
due to a great anticlinal axis. Commencing at a point southwest- 
ward of the termination of the latter, this valley extends for about 
fifteen miles in a nearly west-southwest direction, bounded by the 
Sweet Spring or Peters’s Mountain on the southeast, and by the 
Snake Run or Little Mountain on the opposite side. Where the 
limestone, For. Il, begins to be exposed by the opening of a great 
anticlinal range of For. III and IV, and for a short distance towards 
the southwest, the strata have a normal flexure, those on the north- 
west side of the axis dipping steeply towards the northwest. But 
as we proceed towards the southwest, the flexure increasing, causes 
an inversion of the strata on the northwest side, accompanied by 
an occasional crushing and partia) concealment of the slate rocks of 
For. III. These conditions, first seen atthe group of thermals on 
Snake Run, (Table 1, Nos. 21, 22,) continue, with some fluctuations, 
to near the southwest end of the valley, the amount of dislocation 
gradually but irregularly augmenting as we trace the Little Moun- 
tain in that direction. Beyond this point the fault rapidly increases, 
so that in the distance of a few miles not only the rocks of the 
Little Mountain, but all the strata intervening between For. II, and 
For. XI, (carboniferous limestone) have been swallowed up. In 
this condition, occasionally varied by the .intrusion of in-wedged 
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knobs or masses of the ingulfed strata, we may trace this extraor- 
dinary dislocation along the northwest base of the Peters’s and East 
River mountains for more than fifty miles, after which it is still 
further continued with a new topography. 

The Sweet Springs flow out from the steep-dipping and inverted 
limestone near the centre of the valley ; the Red Springs and Snake 
Run group from points nearer the junction of this rock with For. 
ILI, of the Little Mountain. The streams fed by these copious foun- 
tains, flowing towards the northwest by narrow transverse valleys 
through the Little and Snake Run mountains, have accumulated a 
great thickness of tufaceous deposit, forming in the neighborhood 
of the Red Springs a succession of picturesque cascades. 

Gas, consisting of nitrogen with a considerable amount of car- 
bonic acid, escapes freely from all these springs, rising from the 
Sweet Springs in copious streams. Much dissolved carbonic acid 
is also present, rendering most of these waters decidedly acidulous, 
and enabling them to retain in solution a marked proportion of car- 
bonate of iron, as well as the more usual ingredients, carbonates 
of lime and magnesia.* 

Srotion VI. Through the White Sulphur Springs. 

The axis in which the White Sulphur Springs arise, and that of 
the thermal of Brown’s mountain, (Table I, No. 43,) are nearly 
though not exactly in the same line. They are further from the 
southeastern margin of the Appalachian belt than any others re- 
ferred to in the tables, their distance from the Blue ridge, in a direct 
transverse line, being about forty miles. The White Sulphur axis, 
exposing For. VII, at the springs, dies out in a short distance 
towards the southwest; but, traced in the opposite direction, ex- 
pands into a considerable ridge, bringing into view the upper part of 
For. VII, here of considerable thickness, and eventually terminates 
in a roll of the slates of For. VIII, near Anthony’s creek. In the 
neighborhood of the springs the flexure of the strata is remarkably 
abrupt, the gentle slope on the southeastern passing into a vertical 
or slightly inverted dip on the opposite side of the axis. With the 
exception of this and another adjacent but very inconsiderable line 
of exposures, the surface for many miles on either side is occupied 
by the slates and sandstones of Fors. VIII and LX, bent and con- 


torted by numerous lesser axes, and in the Allegheny Mountain and- 


the numerous adjoining hills, carved by denudation into a variety 
of picturesque forms. 

The waters of the White Sulphur are copious, but accompanied 
by very little evolved gas. The few bubbles I have succeeded in 
entrapping, proved to be nearly all nitrogen, but it is uncertain 
whether they arose with the water from the depths below, or were 
developed in the basin of the spring. 

Though decidedly thermal, these waters have a fluctuating tem- 


* These are the only decidedly acidulous springs in Virginia, and I believe 
in the U. S., excepting a few which, like Saratoga, contain also a large amount 
of chloride of sodium. 
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perature, never, however, as I think, approaching nearer than ten 
degrees to the atimospheric mean.* 

They form the only instance within my knowledge of a strongly 
sulphureous and at the same time thermal water in the United 
States; and in these respects bear a close analogy to certain thermals 
of the Pyrenees.t 

Srotion VII. TZhrough Wilson’s Thermal and across Garden 
Mountain. 

This section includes a partial view of the great anticlinal of the 
Garden Mountain, exhibiting a striking example of the folded form 
of flexure, with an extensive inversion on the northwest side. Be- 
hind this, towards the northwest, lies the anticlinal of Biggs’s Moun- 
tain, separated from the former by an irregular trough of folded 
slates (For. VIII); and at the western base of Biggs’s Mountain 
occurs the lesser axis, in which the thermal here referred to rises to 
the surface. While the axis of Biggs’s Mountain brings up the whole 
thickness of For. III, doubled upon itself, that of Biggs’s Mountain 
exposes no strata lower than For. V, (Medina sandstone and Clin- 


* Dr. Daubeny, who visited these springs when in this country, did not 
advert to their being thermal. See Silliman’s Journal, April, 1839. 

+ The plumose, filamentous growth, involving a large amount of hydrated 
sulphur, which lines the basin and outlet of these waters, and which from its 
color has given rise to the name of White Sulphur, is also found in other 
sulphureous springs in the State, and has caused the adoption of this name as 
descriptive of such springs as a class, notwithstanding their want of agree- 
ment in other and far more important particulars. Organic products of an- 
other kind, developed in the enclosures of the Red, Blue, Gray, Crimson and 
Green Sulphur Springs, and whose true nature was also first suggested by my- 
self, (see Havers Chemistry, 1838,) have by a like connection originated the 
names by which these springs are respectively known. Observations beyond, 
as well as in the State, have satisfied me that similar organic products are to 
be met with, in some one or more forms, in all the sulphureous waters of the 
Appalachian belt, and that they are peculiar to waters of this class. Having 
read with great interest Dr. Lankester’s ‘‘ notice of the plants and animals 
found in the sulphureous waters in Yorkshire,’”’ as given in the Report of the 
British Association for 1840, I have been much gratified at finding these 
opinions corroborated by the observations of that gentleman in regard to the 
sulphureous waters of Harrowgate, Askerna, and the neighboring district, 
and I have enjoyed no little surprise in recognizing in the conferva which 
at those places *‘ collects in large quantities around the sides of the wells,” 
and in the animal deposit, ‘‘ varying from a light pink to a rose color,’’ the 
objects which impart such beauty to some of our celebrated sulphureous 
springs, and which six years ago I pronounced to be of ‘‘ vegeto-animal ”’ ori- 
gin. I may here add, by an experiment made at that time on the water of the 

hite Sulphur, which in its basin and outlet produces little or none of the 
rose-colored deposit, I found that I could at will give rise to it by collecting 
the liquid in an adjoining cavity in the dark sulphureous mud—and I re- 
marked that before the material of the rosy film collected on the surface be- 
neath, it continued diffused in the liquid for some time like a faint pink cloud, 
changing its position and its density. This, with other observations, sug- 
gested the idea of its being due to animalcule, which under certain favorable 
conditions as to light, and perhaps temperature, quiescence, and the contact 
of particular substances, would always display themselves in our sulphureous 
waters. For the distinct determination of the forms and relations of these or- 
ganic objects by the microscope, we owe our thanks to Dr. Lankester. 
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ton group of New York,) over which the beds of VI and VII are 
seen bending in rather steep normal flexure, to be again elevated in 
part in the low ridge of VII, (Oriskany sandstone of New York,) 
from which the thermal issues. The point of exit of the waters is 
in nearly vertical strata, a little west of the axis-plane. Beyond 
this, towards the northwest, is a wide expanse of For. VIII, greatly 
folded and contorted, in which, at no great distance from the ther- 
mal, occurs Dibbrell’s Spring, a cold alkalino-sulphureous water, such 
as characterizes the lower and more calcareous portion of these slaty 
rocks. 

The discharge of water at Wilson’s thermal is abundant, but is 
accompanied by very little gas. The spring contains a small amount 
of uncombined carbonic acid, together with a considerable propor- 
tion of saline matter. 

Srotion VIII. From Bath across the Cacapon Mountain. 

The Cacapon or Capon mountain, formed by the union of several 
contiguous parallel axes, which arise at various points within a distance 
of fifty miles from the Potomac river, attains its greatest altitude and 
breadth about eighteen miles southwestward of the line of ourSection, 
beyond which, in its prolongation towards the river, it gradually 
declines. Where most largely developed, a slight roll of the strata 
makes its appearance near its southeastern base, which soon assum- 
ing more importance, forms the distinct anticlinal of Warm Spring 
Ridge. This, in its prolongation towards the northwest, gradually 
loses its anticlinal character by the obliteration of the narrow trough 
between it and the Cacapon axis, and forms at the Potomac a low 
flanking hill of southeast dipping rocks. Where the thermals of 
Bath arise, the anticlinal flexure is still in part preserved in a sharp 
but transient change of dip in the rocks a little westward of the 
Springs. Owing to an error in reducing this Section, the space be- 
tween the centre of the Eastern Cacapon axis and the position of 
the springs is much too great. - Contracting this interval, it will 
appear that the position of these thermals agrees in all important 
points with that of the springs on the southeastern flank of the Mill 
Mountain, Section I, and of the group in Section IV. 

These copious springs make their appearance near the junction 
of Fors. VII and VIII, at the southeastern base of the Warm Spring 
Ridge, here faced by the massive jointed sandstone of the former. 
The gas which accompanies the water, though consisting mainly of 
nitrogen, contains a rather larger proportion of oxygen than is found 
in the other principal thermals of the State. The amount of solid 
matters present in these waters is extremely small. 

Srorion 1X. From the Cacapon Springs to the Little North 
Mountain. 

Srotion X. From the Great North to the Little North Moun- 
tain through Bond Springs. 

In the former of these Sections, we have a view of the folded or 
inverted form of flexure, both in the anticlinal of the Paddy and 
Great North Mountain, and in the trough between the former and 
the Little North Mountain. In the narrow anticlinal valley hemmed 
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in by the wild and rugged heights of the Paddy and Great North 
mountains, no decidedly thermal springs have yet been discov- 
ered, though the structure and topography of the place would seem 
highly favorable to their production. Perhaps their absence may 
be explained by the peculiarly shattered condition of the strata 
occupying the surface of the valley, and forming the enclosing 
mountains, especially that on the northwest, in virtue of which 
ready channels may be furnished conveying them to other and re- 
mote points of discharge. This opinion is, I conceive, supported 
by the conditions under which the Cacapon Springs occur. These 
thermals, as indicated on the Section, make their appearance on 
the northwest side of the Great North Mountain. They are four 
in number, and situated at different levels, the lowest, which is 
also the warmest, flowing from For. VII, near its junction with 
VIII, and the others successively lower in temperature and higher 
in position, issuing from VIand V. They are all copious and con- 
stant and yield but little gas. In the lower or principal spring, the 
chief ingredients are carbonates and sulphates of lime and mag- 
nesia, and sulphate of soda. 

Seorion X, parallel to the preceding, and a few miles north- 
eastward of it, includes, it will be seen, three separate localities of 
thermal springs, the first or Pearce’s Spring, (Table II, No. 40,) at 
the western base of the Great North Mountain, the second or Bond 
Springs, (Nos. 29, 30, 31,) in the Cedar Creek Valley, and the third, 
an unnamed spring, (No. 51,) rising near the eastern base of the 
Little North Mountain, all comprised in a distance which, in a di- 
rect line, is less than six miles. 

On comparing the two Sections it will be seen, that the anticlinal 
valley of the Paddy and Great North mountains contracts towards 
the northeast, the inversion on its northwestern side being at the 
same time replaced by steep northwestern dips. This change goes 
on augmenting, until, at no great distance northeast of the present 
section, the valley terminates in a great anticlinal mountain of nor- 
mal flexure, formed by the now united rocks of the Paddy and 
Great North mountains. While this change is in progress, two 
small axes, commencing a little northeastwards of Section IX, make 
their appearance in the Cedar Creek Valley, lifting For. VII and 
then VI, from beneath the slate, and forming the low range called 
the Sugar Hills. It is on the more important of these axes, that the 
Bond Springs are situated. This is a sharp anticlinal, giving exit to 
the water through For. VI. The spring to the east of this flows 
from the limestone through For. VI. The spring to the east of this 
flows from the limestone near the southeastern base of the Little 
North Mountain, issuing as before noticed from a line of inversion 
and fault. Pearce’s thermal agrees in position, as regards the 
axis, with the Cacapon Springs, rising near the junction of steep- 
dipping VI and VII. 

All these springs evolve more or less gas, chiefly nitrogen, and 
the Bond Springs contain a considerable amount of calcareous and 
magnesian salts. 


592 


Deeming the preceding details sufficient to illustrate the condi- 
tions under which the various classes of thermals in Virginia pre- 
sent themselves, it would be unnecessary, as well as tiresome, to 
enumerate similar particulars in regard to the numerous other warm 
springs referred to in the preceding tables. I may here, however, 
remark, that but few of our thermals, not flowing in axes, rise, as 
in the case of the Mill Mountain and Kayser’s Springs, on the south- 
eastern side of the axis plane. Indeed, out of the whole number 
included in the tables, I know of but three groups so situated, and 
these are exhibited on the sections. All the others issue from the 
steep-dipping or inverted stratu on the northwest side of the anticli- 
nals, and this may be laid down as the general law of their posi- 
tion. 

Of the mechanical and chemical agencies concerned in the pro- 
duction of some of these thermal springs, I have already briefly 
expressed my views, while describing the structure of the Warm 
Springs Valley, and its enclosing mountains; and I need hardly add, 
that the same general explanation is equally applicable to the other 
thermals, situated in anticlinal valleys. In carrying out this view 
more in detail, and especially in applying it to cases like that of the 
Sweet Springs Valley, where the anticlinal axis passes into a pro- 
longed line of fault, it has appeared to me to be necessary as well as 
reasonable to admit, jivst, that the subterranean channels which 
operate both in furnishing the requisite supplies of water and air to 
the depths below, and in forwarding the thermal stream under hydro- 
static pressure, must have a direction conforming in general to the 
strike of the rocks; and secondly, that the direction of the down- 
ward flow of the meteoric waters, is in a great degree determined 
by the natural partings of the strata, or, in other words, by the plane 
of dip. 

These conditions granted, it will at once appear, that in a closed 
anticlinal valley, like that of the warm and hot springs, thermals, if 
occurring at all, might be expected to appear along its whole length, 
in a linear arrangement, and near its western boundary. It would 
also seem, in this case, that the height of the comparatively ele- 
vated ground at the two ends of the valley would determine the 
hydrostatic column employed in bringing the water to the surface. 

Where, however, the valley is closed only at one end, as in that 
of the Sweet Springs, the case is, I think, different. Thermals may 
of course be looked for towards the closed end, and in this position 
they are found; but it is a remarkable fact, that the line of fault 
constituting the prolongation of the axis of the Sweet Springs, 
though continued to a distance of more than fifty miles, does not 
disclose a single thermal throughout its whole extent, nor have I yet 
succeeded in discovering more than one spring of the kind, in other 
parts of the Appalachian chain, where similar geological conditions 
prevail. On the other hand, in the prolonged line of fault running 
along the southeastern base of the Little North Mountain, close to 
the northwestern margin of our great Limestone Valley, and at 
other points, where the same structure exists, many thermals have 
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been detected, several of which, from their marked elevation of tem- 
perature, are included in the preceding catalogue. 

These results are, I think, sufficiently explained by reverting to 
the two conditions above specified, in connection with the form of 
the surface, and the position of the strata in the vicinity of these 
faults. In the jirst case, where For. II rests upon the overturned 
beds of For. XI, the strata composing the narrow belt of the former, 
along the northwest base of the great range of Peters’s and East 
River Mountain, and southeast of the line of fault, as well as the 
rocks of these ridges, dip at a moderate angle towards the southeast, 
and therefore away from the fault. On the opposite, or northwestern 
side of the fault, the country is comparatively level, the Little Moun- 
tain, which formed the western boundary of the Sweet Springs Val- 
ley having been ingulfed in the vast hiatus. Hence, though the 
rocks of XI, for a short distance northwest of the dislocation, 
(through the breadth over which this formation continues inverted,) 
actually dip towards the fault, the flat topography on the northwest 
is not such as naturally affords a hydrostatic column sufficient to 
raise the water from a great depth to the surface, along the line of 
fracture. Nor could we expect the heights of Peters’s Mountain on 
the southeast to furnish such a column, since the southeast dip of the 
strata there would rather oppose than facilitate the passage of the 
liquid towards the fault, and would most probably convey it to sub- 
terranean tracts lying towards the southeast. There is also another 
feature, to which, as I conceive, some influence is to be ascribed in 
preventing the occurrence of thermals along this line. The strata of 
For. XI, although overturned where they are in contact with For. 
II, continue in this position across but a narrow belt towards the 
northwest, and by a rapid curvature below are soon brought into a 
very gentle northwest dip, or into a horizontal attitude. Their up- 
turned edges could receive directly from the atmosphere but small 
supplies, and these, most probably, in part at least, would be con- 
veyed away towards the gradually declining level on the north- 
west. 

Turning now to the second case, of which we have an example 
in the fault adjacent to the southeastern base of the Little North 
Mountain, we at once discern this important difference, that while 
the direction of the dip and inversion is the same as in ‘the preced- 
ing, the high grounds of the Little North Mountain lie to the north- 
west. Hence the downward drainage between the strata on the 
flank of this ridge, conforming to the southeastern dip of the rocks, 
must be towards the fault, and the hydrostatic columns communicat- 
ing with the heights, and following the plane of dip, will in many 
cases have sufficient power to force up the heated water to the sur- 
face, at certain points along or near this line. 

The numerous class of thermals whose point of issue is exterior 
to the bounding ridges of an anticlinal valley, owe their origin, as 
I conceive, to the same general agencies as have been above con- 
sidered. Bearing in mind, that in the great majority of cases they 
flow out from the northwestern boundary, the vertical or inverted 
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rocks of which are greatly shattered, and that their point of exit is 
generally below the level of the valley, it is reasonable to suppose 
that, in many instances, they have been conveyed away from be- 
neath the surface of the valley, when, in a less fissured condition © 
of the strata towards the northwest, they would have been forced 
to rise at some point within its confines. In many cases too, the 
downward drainage of the northwestern ridge itself is fully ade- 
quate to carry the requisite amount of fluid to the seat of heating 
and chemical action, and by hydrostatic power, to raise it again to 
the surface at a much lower level. 

In speculating with regard to those thermals which issue at or 
near the base of a continuous anticlinal mountain, it is important to 
bear in mind, that while cracks and partings are found generally 
attendant upon flexures of the strata, these openings are by far the 
most numerous and extensive in that part of the curve where the 
change of direction is most abrupt. Hence they will be found de- 
scending in the interior of the mountain, much in the direction of the 
axis-plane, and will lie nearer to the northwestern than the south- 
eastern side. The meteoric waters supplied through these channels 
will find an exit either by the natural slope of the gently dipping 
rocks on the southeast of the anticlinal, or through the fissures of the 
shattered and steeply inclined or inverted strata on the northwest. 
Where but little of this fissuring occurs on the northwest side, they 
would meet with least obstruction by flowing in the opposite course, 
and might therefore, be looked for on the southeast. Such would 
seem to be the case with the thermals of the Mill Mountain and 
Kaysers, (Sections I and IV,) where the steeply inclined strata are 
comparatively entire. But, as formerly remarked, the usual posi- 
tion of thermals is on the opposite side of the anticlinal axes. 

It may here be -added, that where such springs present a tem- 
perature but little above the atmospheric mean, it is unnecessary, 
in accounting for their heat, to suppose that the water has been 
conveyed to any very considerable depth below the base of the 
mountain, as the subterranean line of equal temperature (chthon- 
isothermal line), deflected wpwards by a massive and steep anti- 
clinal range, would come nearer to the general surface. 

Such is a sketch of the views to which I have been led in con- 
sidering the positions occupied by our thermals, in connection with 
the probable mechanical agencies by which their waters are ac- 
cumulated and brought to the surface. Though in some degree hy- 
pothetical, as must be all attempts at explaining the unseen mechan- 
ism of nature, they are, I think, in harmony with observation, and 
at all events possess the merit of agreeing in general principles with 
doctrines sanctioned by the authority of such names as Arago and 
Bischoff. 

As regards the evolved gases and the chemical ingredients of these 
springs, my opinions, like those of others who have speculated on 
this subject, are, confessedly, far from satisfactory. While I am 
inclined, in some respects, to agree with the views which have been 
60 ably advocated by Dr. Daubeny, in relation to the origin of the 
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gases and other matters associated with thermal waters, I am by 
no means prepared to adopt the hypothesis that such impregnations 
are chiefly due to the chemical action of the metallic bases of the 
alkalies and earths; much less can I accede to the opinion, that 
the heat of our thermals, as well as that of the rocks from which 
it is directly derived, is due to what is usually termed volcanie 
action. 

Deferring my objections to these views to a later head, I would 
venture to throw out a suggestion as regards the evolution of nitro- 
gen from these and other thermals, which appears to me not un- 
worthy of consideration. Admitting, with Dr. Daubeny, what I 
think extremely probable, that this gas, as it appears in thermals, is 
but a residuum of the atmospheric air which, conveyed from the sur- 
face to the source of heat below, has there been partially or entirely 
deprived of its oxygen, I would inguire, whether the composition of 
the rocky beds through which the atmosphere is thus conducted is 
not itself capable of explaining the result. 

The limestone For. II, and the slates forming a part of For. I, 
always contain more or less protoxide of iron and carbonaceous 
matter, even after long exposure to the action of the weather. 
Where freshly taken from a new excavation at some depth, the lat- 
ter rocks abound in the protoxide, and the limestone exhibits nearly 
all its iron in that stage of oxidation. It would therefore seem 
probable, that these and the other strata deposited beneath the Ap- 
palachian sea, contain, at great depths, this oxide to the exclusion of 
the sesquioxide. Looking to the large accumulation of the latter 
in a hydrated state, segregated in various parts of these several for- 
mations, it is not unreasonable to infer an even greater proportion 
of the protoxide in the deeply buried strata than would correspond 
to the whole quantity of iron combined in the rock above. That 
the presence of diffused organic matter, such as we know to have 
been deposited with the other materials of the strata, would se- 
eure the protoxide from further oxidation, while still in contact 
with the waters of our great Appalachian ocean, is a result in 
harmony with what we witness in our present seas, and with the 
known chemical relations of the substances concerned. Conceding, 
then, the existence of the protoxide in due proportion to these older 
formations, and imagining the air to obtain access to these strata 
at a depth at which the temperature is sufficiently high to cause a 
rapid absorption of the oxygen by the protoxide, we should have a 
large amount of the residuary nitrogen evolved. The carbonaceous 
matter * also would help to rob the air of oxygen and aid in the pro- 
duction of the carbonic acid, by which the nitrogen is uniformly 
accompanied, although it is to the calcination of calcareous rocks 


* Quickly volatilized and combined with oxygen, its power to arrest the 
oxidation of the protoxide, or to reduce the peroxide when formed, would not, I 
conceive, be called into play. But even if it were, the difficulty would not be 
80 great as where potassium and sodium are regarded as among the chief oxi- 
dizing agents. For in this latter case, what becomes of any carbonic acid 
which, evolved at the focus of activity, is brought in contact with these metals ? 
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that, in common with others, I would refer most of the carbonic acid 
which our thermal waters contain. 

The conjectures thus thrown out, though, as I think, not entirely 
useless, are offered with that distrust which must always attach to 
speculations that cannot be brought to the touchstone of actual ob- 
servation, and more especially, too, from the fact, that they do not 
appear to have suggested themselves with any force to the able 
philosophers who have investigated this subject. That I may not 
be misconceived, I here beg to remark, that I have no disposition to 
deny the hypothesis of the metallic bases, as applied to volcanoes, or 
even to some thermal springs. On the other hand, I would adopt it, 
as a part of the general theory of the causes concerned in the for- 
mation of the early crust of the globe from a molten, and chiefly 
metallic mass. But, in this later stage in the history of our earth, I 
would venture to doubt the propriety of resorting to it in explaining 
the phenomena of thermal waters in general, and more particularly 
of those to which my own observations have been directed; and I 
would give a hearty welcome to any theory which, dispensing with 
the necessity of penetrating to such enormous depths in search of 
the unoxidated metals, would explain the chemical characters of these 
waters by the known properties of the rocks, in connection with a 
generally diffused internal heat. 

In considering the bearing of the preceding details respecting 
the thermals of Virginia upon the doctrine of a general subterranean 
heat, as compared with that of local foci of volcanic action, there is 
one fact in the geology of our Appalachian region, particularly de- 
serving of attention. I mean, the almost entire absence, over its vast 
surface, of igneous or volcanic rocks. These occur at only four or 
five points, without any observable relation to axes, and away from 
the neighborhood of any known thermals, and are in such small 
amount as together not to cover an area of more than ten acres. 
Add to the preceding this further fact, that our thermals are not 
confined to particular lines or axes, but are scattered at remote points 
over the whole region, and it will at once appear, with how much 
more reason they may be referred to a pervasive subterranean 
heat, than to points or lines of volcanic action. To apply the latter 
explanation, we must give to these local foci a diffusion beneath the 
surface, which would, in fact, amount to abandoning the doctrine of 
merely local heating action, and admitting that of a general internal 
heat; while, in adopting this latter, we see in the peculiar positions of 
our thermals in reference to axes, simply those mechanical condi- 
tions which favor the access of air and water to the deep-seated, 
and therefore hot strata in the interior, and their expulsion at the 
surface. 

Adopting the language used by the eminently philosophic Phil- 
lips, when referring to arguments urged in favor of the hypothesis 
of local volcanic action, as the cause of thermal springs in general, 
I would say, ‘‘ These arguments, when taken in connection, appear to 
us to prove, that the heat of the springs is derived from the depths 
of the channels in which they flow below the surface,” and “ it seems 
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unnecessary to appeal to local volcanic excitement for an effect 
which spreads, both in time and area, far beyond the traces of purely 
volcanic phenomena.” Such being the inferences of one of the 
ablest of geologists, from a comparison of the chemical and geologi- 
cal relations of the thermals of the old world, with what augmented 
force may they not be reiterated, after the preceding developement 
of these relations in a region which, like our Appalachian chain, is 
almost destitute of even a trace of proper volcanic action! 
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RoaGeErs. : 





From TRANSACTIONS OF THE ASSOCIATION OF AMERICAN GEOLOGISTS AND NATURAL- 
ists, 1840-1842. ILLusTRATED By PuLates Nos. III, [V, anv Y. 


Having, in the prosecution of the State Geological Surveys of 
New Jersey, Pennsylvania, and Virginia, arrived at certain general 
facts in the structure of the Appalachian chain, involving some new 
considerations in Geological Dynamics, we propose, in the present 
memoir, to offer a description and theory of the phenomena. As 
similar structural features would appear, upon comparison, to pre- 
vail in many of the disturbed regions of other countries, and among 
strata of all geological dates, an exposition of their laws cannot be 
uninteresting at this time, when every question connected with the 
elevation of the earth’s crust, is receiving so generally the attention 
of geologists. 

To render our details intelligible in the absence of a geological 
map, we must first enter upon a brief geographical description of 
the extensive zone of country where these structural conditions 
exist. Such a preliminary sketch is the more essential, since in no 
region yet described, does the topography or physical relief of the 
surface, afford as accurate an index to the positions and relations of 
the strata, and to the movements by which they have been uplifted. 

The Appalachian chain rises in the form of a broad belt of 
mountain ridges east of the St. Lawrence, in the northern part of 
New England, and taking a southwesterly course, terminates in 
Alabama. Its total length is about one thousand three hundred 
miles, and its greatest breadth about one hundred, if we exclude 
from this description the high insulated tracts of the White Moun- 
tains in New Hampshire, and that west of Lake Champlain, in New 
York. From the northern border of Vermont, the main chain 
gradually expands in width to the region of the Juniata and Poto- 
mac rivers, beyond which, in its progress to the southwest, it slowly 
and steadily contracts to its termination. While the great chains 
of many countries contain a principal central mountain axis, to 
which all the minor ranges more or less conform, this system con- 
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sists of a broad zone of almost innumerable parallel ridges of nearly 
equal average height. These seldom reach an elevation of four 
thousand feet above the sea; nor, if we except the great eastern 
range, the Blue Ridge, do they often rise more than two thousand 
feet from the level of the adjoining valleys, the more usual height 
being from eight hundred to one thousand five hundred feet. The 
general plain, supporting this broad mountain belt, gradually de- 
clines in level from the head waters of the Holston and Clinch rivers, 
in Virginia, towards both extremities. 

The characteristic features of the Appalachian gee are their 
great length, narrowness, and steepness; the evenness of their sum- 
mits, and their remarkable parallelism. Many of them are almost 
perfectly straight for a distance of more than fifty miles; and this 
feature, combined with their steep slopes, and sharp, level summits, 
gives them the appearance, seen in perspective, of so many colossal 
entrenchments. Some groups of them are curved, but the outlines 
of all are marked by soft transitions, and an astonishing degree of 
regularity. It is rather the number and great length of the ridges, 
and the magnitude of the belt which they constitute, than their 
individual grandeur or height, that places this chain among the 
great mountain systems of the globe. From the latitude of the Mo- 
hawk river in New York, to the northern boundary of Alabama, 
the chain in general consists of four parallel belts, the separate fea- 
tures of which it is convenient we should define. 

1. The first or southeastern subdivision is the relatively narrow, 
undulating mountain range, which in Vermont, is called the Green 
mountains, in New York the Highlands, in Pennsylvania the South 
Mountain, ‘in Virginia the Blue Ridge, and in North Carolina and 
Tennessee the Smoky or Unaka mountains. This is rather a zone 
of closely united ridges, than one great mountain axis, though the 
latter is somewhat its character in Virginia, North Carolina, and 
Tennessee, in which States it has its greatest breadth and elevation. 
The average width of this belt may be stated at about fifteen miles, 
and its height, which is more variable than that of any other por- 
tion of the general chain, undulates between about one thousand 
and five thousand feet above the sea. 

The rocks of this tract consist for the most part of the older 
metamorphic strata, including gneiss, and micaceous, chloritic, 

talcose, and argillaceous schists, together with masses referable to 
the earliest Appalachian formations, sometimes in a highly altered 
condition. Throughout nearly the whole distance, from Tennes- 
see to the Susquehanna, these latter rocks occupy the northwest- 
ern slope of the main ridge, and form the ranges of hills, sometimes 
of great height, flanking it on the northwest; while in Pennsylvania, 
New J ersey, Massachusetts, and Vermont, besides presenting them- 
selves in this position, they form narrow belts and ridges among the 
older metamorphic strata towards the southeast. 

Innumerable dykes and veins of all dimensions, aid consisting 
of a vast variety of igneous materials, penetrate this belt, disturb- 
ing and altering its strata in a remarkable degree. 
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2. Immediately to the northwest of this mountain range is a 
broad valley, which constitutes by itself a well-defined belt through- 
out the entire length of the chain, displaying a remarkable constancy 
in its structure and physical features. This, which we shall call the 
Great Appalachian Valley, ranges from Vermont to Alabama, under 
various local names, being known in New York as the Valley of 
Lake Champlain and the Hudson river, in Pennsylvania as the Kit- 
tatinny or Cumberland Valley, and further south successively, as 
the Great Valley of Virginia and the Valley of East Tennessee. Its 
average breadth throughout, is about fifteen miles, forming an un- 
- broken and nearly level plain, except in Virginia and eastern Ten- 
nessee, where several long insulated ridges rising in it, separate it 
for a greater or less distance into two or more narrow parallel val- 
leys. The stratification everywhere in this great belt is exceedingly 
disturbed, the rocks consisting principally of the three lower Appa- 
lachian formations, being, only in a very few instances, invaded, 
however, by igneous dykes. 

3. Beyond the Great Appalachian Valley on the northwest, is 
a wide belt of long, narrow, parallel ridges, and included valleys, 
spreading northwestward to the foot of the great plateau of the 
Allegheny and Cumberland mountains. This, which we propose to 
call the Middle Mountain-belt, has a breadth varying from thirty to 
sixty miles, its greatest expansion being in the curving region of the 
Juniata “in Pennsylvania. It embraces all the Appalachian forma- 
tions to the coal inclusive. 

4, The fourth or most northwestern of the belts into which we 
have divided the Appalachian chain, commences with the sontheast- 
ern escarpment of the great table-land of the Catskill, Allegheny, 
and Cumberland mountains, and spreads northwestward with a gen- 
tle declivity, as far as the limits of the last feeble axes of elevation. 
The average breadth of this belt, measured from the southeastern es- 
carpment of the plateau, to the plain which bounds it on the north- 
west, may be stated at about thirty-five miles. This portion of the 
chain embraces all the upper Appalachian formations, including the 
whole of the carboniferous group. 

Following the course of this great mountain belt from Canada 
to Alabama, it will be seen to consist of a series of nine straight and 
curved portions in alternate succession, distinguished from one 
another by important topographical features, as well as by pecul- 
iarities of geological structure, and forming nine distinct divisions. 

1. Of these the first or Hudson River Division, extends from 
Canada to New Jersey, following the general course of the Hudson 
as far as the Highlands in New York, and comprising not only a large 
area in the eastern and northern parts of that State, but a considera- 
ble tract in western Vermont and Massachusetts. Along the great 
valley, from the northern part of Vermont to the passage of the 
Hudson through the Highlands, the strike of the rocks, and the di- 
rection of the axes, is about north fifteen degrees east, and south 
fifteen degrees west. 

2. From where the Hudson crosses the Highlands, to the Lehigh 
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river in Pennsylvania, the whole chain dends gradually westward, 
taking a long regular sweep concave to the northwest. This por- 
tion of the chain we propose to call the Delaware Division. 

3. The next is a nearly straight part of the chain, extending 
from the Lehigh river to Cumberland county, in Pennsylvania, and 
may very properly be named the Susquehanna Division. Through- 
out this tract the strike is from east-northeast to west-southwest. 

4. To the southwest of the foregoing is the highly interesting 
curving portion of the chain, which we shall call the Juniata Di- 
vision. This diversified region extends from about twenty miles 
west of the Susquehanna, to nearly the same distance north of the 
State line of Maryland, and is characterized by a regular and very 
decided curvature, convex towards the northwest. The formations, 
in ranging between the above limits, change their strike from south 
seventy degrees west, to south thirty degrees west, undergoing thus 
a deviation in their course of forty degrees. 

5. The next division is one of straight or nearly straight axes. It 
extends from the southern counties of Pennsylvania, to the southern 
side of Augusta, Pendleton, and Randolph counties, in Virginia, with 
a strike of the rocks about north thirty east, or south thirty west. 
This we call the Potomac Division. 

6. The portion of the chain next succeeding has a decided sweep, 
concave towards the northwest. It extends from the southern limit 
of the previous one to the New river, and being extensively watered 
by the tributaries of the James river, may be designated as the James 
River Division. The belt here referred to differs from the three last, 
in possessing a less symmetrical topography, and a less regular strike 
in its strata. Its axes are also shorter and less perfectly parallel, 
and the whole tract is considerably narrower, the width, from the 
Blue Ridge northwestward, across which the undulations of the strata 
extend, not exceeding sixty miles. 

7. The division next in order, which is one of straight axes, com- 
mences northeast of the New river, in Virginia, and extends nearly 
to the mouth of the Holston, in Tennessee. Being watered for a 
great distance longitudinally, by the latter stream, it may be appro- 
priately named the Holston Division. Both in the style of the topog- 
raphy, and the phenomena connected with the dipping of the strata, 
this is one of the most remarkable parts of the chain. The direction 
of its axes and faults is about north sixty-seven east, and south sixty- 
seven west. Its length exceeds two hundred miles, but its breadth 
is somewhat inferior to that of any of the previous divisions, not 
amounting to more than fifty-five miles from the Blue Ridge to the 
most northwestern axis. 

8. At the southern termination of the belt above described, near 
the mouth of the Holston, commences the next division of the chain. 
This has a curving outline, concave towards the northwest, the di- 
rection of the axes and the strike of all the strata, gradually changing 
from south sixty-seven west, to south thirty-five west, making a de- 
flection of thirty-two degrees. Traversing the central parts of east- 
ern Tennessee, and including in it the well known town of Knoxville, 
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it may be entitled the AKnorville Division. In this, as in the division 
last mentioned, the whole disturbed space is comparatively narrow. 

9. The last or ninth division of the chain extends from the south- 
ern termination of the Knoxville section, near the mouth of the Clinch 
river, to the neighborhood of Tuscaloosa, in the centre of Alabama. 
This we propose to call the Alabama Division. Unlike the district 
just preceding, it exhibits almost perfect straightness in its axes; 
the strike, which is about south thirty-five west, continuing un- 
changed until the strata disappear beneath the horizontal formations 
of the cretaceous and tertiary systems of middle Alabama. 


PREDOMINANCE OF SOUTHEASTERN Dips. 


While the general direction of the Appalachian chain is north- 
east and southwest, there is a remarkable predominance of south- 
eastern dips throughout its entire length from Canada to Alabama. 
This is particularly the case along the southeastern or most disturbed 
side of the belt, where it is strikingly exhibited in the great valley, 
and in the extensive mountain ridges that bound it on the southeast. 
But as we proceed towards the northwest, or from the region of 
greatest disturbance, the opposite, or northwest dips, which previ- 
ously were of rare occurrence, and always very steep, become pro- 
gressively more numerous, and, as a general rule, more gentle. 

Of the prevalence of this interesting general law throughout all 
the part of the chain extending from western Massachusetts into 
eastern Tennessee, we have convinced ourselves by a personal ex- 
amination of the entire tract, during the last six years, and have 
partially announced it in various passages of our Reports on the 
Geology of New Jersey, Pennsylvania, and Virginia. We learn from 
Dr. Charles T. Jackson, and other sources, that the prevailing south- 
eastern dip extends to western Vermont, and the valley of Lake 
Champlain. 

Upon the correct interpretation of this singular feature depends, 
we conceive, the clear elucidation of whatever relates to the dynam- 
ical actions which the region has experienced, to the stratagraphical 
arrangement of the rocks, and as immediately connected with this, 
to the distribution of their organic remains. The object of the pres- 
ent paper is, to exhibit those general laws of structure, of which the 
feature in question is but a simple and immediate consequence, and 
to develope what we have for several years past regarded as the true 
theory of the flexure and elevation of the Appalachian rocks. 


History or Tue Previous ExpLraNATIONS OF THE GENERAL SOUTH- 
EASTERLY Dip IN THE GREAT APPALACHIAN VALLEY. 


The first published attempt at explaining the seeming anomaly 
of a general southeasterly dip across the great valley, was made by 
Prof. Hitchcock, in the first edition of his Report of the Geology of 
Massachusetts, in 1833. This explanation, which was confined to 
the phenomena of western Massachusetts, supposes a series of un- 
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conformable deposits all dipping to the east, at different angles; but 
Prof. Hitchcock does not suggest the idea of either an inversion or 
a folding of the rocks. 

At an early period in the geological surveys of New Jersey, Penn- 
sylvania, and Virginia, we were struck with the great prevalence of 
the southeasterly dip of the strata throughout the portions of the 
Appalachian chain traversing those states, and recognized its de- 
pendence on the oblique or inverted folding of the strata. This will 
appear from the descriptions we have given of the phenomena, in 
our Annual Reports for 1837 to 1839. The important general law 
of a greater steepness of the dip on the northwestern than the south- 
eastern sides of the anticlinal axes, became known to us at the 
same stage of our inquiries, and was first announced in the Final 
Report on the Geology of New Jersey, written in 1839, and pub- 
lished early in the spring of 1840. 

Our solution of this question of the southeasterly dips, which we 
have long supposed to constitute the only key to the structure of 
our great mountain chain, was communicated in conversation to 
Professors Hitchcock and Emmons, at the first Annual Meeting of 
the Association of American Geologists, in the spring of 1840. 

The next notice in the order of time of this structure is, that 
given by Prof. Hitchcock in his Elementary Geology, published in 
August, 1840. In this work, Prof. H. refers to our published ob- 
servations respecting the extensive inversion of the strata in Penn- 
sylvania and Virginia, and proposes to explain the prevailing south- 
easterly dip in western Massachusetts, and the Hudson river dis- 
trict, by the hypothesis of a simple but vast inversion of all the rocks 
extending entirely across the region in question. This explanation, 
accompanied by a short section through the Hoosic and Taconic 
mountains, is given as an instance of inversion, and not of the fold- 
ing of strata, the latter subject being discussed separately on an- 
other page. 

At a meeting of the American Philosophical Society, on the first 
of January 1841, one of us communicated the results of some obser- 
vations upon the geological structure of Berkshire, Mass., and the 
neighboring parts of New York, which we had made‘ during the 
month of August previous, and gave an outline orally of our theory, 
explanatory of the phenomena. After adverting to the statements 
of previous writers, that all the strata between the Hoosic mountain 
and the Hudson river, lie in an inverted order, drawings were ex- 
hibited, proving the existence of numerous closely-folded anticlinal 
and synclinal axes; and the inference was drawn, that the inverted 
dip of the rocks is the result of a folding of the beds at short inter- 
vals, and not of one general turning over of the whole series, as sug- 
gested by Prof. Hitchcock. Subterranean igneous action was re- 
ferred to as having caused this compression and folding of the rocks, 
and-its energy was shown to have been greatest along the Berkshire 
valley, and the ridges lying to the east. To the same agency was 
attributed the crystalline condition of the Berkshire marble, and of 
the associated schists and semi-vitrified quartz rock, the first being 
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regarded as merely the blue limestone of the Hudson valley, exten- 
sively altered, and the last a highly altered form of the white sand- 
stone at the base of the Appalachian formations.* 

In the following April, Prof. Hitchcock, in his very able address 
to the Geological Association, speaking of the remarkable apparent 
inversion of the dip, along the western side of New England, and 
through the Appalachian chain, no longer ascribes the phenomena 
simply to a toss over of the strata, but to a succession of folded 
axes, causing a high or more frequently an inverted dip on the west- 
ern side. In another part he states, that although he does “ not 
fully adopt, he cannot but look with a favorable bias upon this solu- 
tion of the problem.” In explanation of the manner in which the 
strata acquired this folded structure, he supposes that while yet in a 
plastic state, and but slightly elevated, they were acted upon by a 
force exerted in opposite directions, from near the Hudson and Con- 
necticut rivers; and observes, that this force, ‘‘if powerful enough, 
might cause them to be folded up into several ridges, and if more 
powerful along the western than the eastern side, they might fall 
over so as to take an inverted dip without producing any remark- 
able dislocation.” 

In the second edition of his Elementary Geology, published in 
August, 1841, Prof. Hitchcock, in discussing the phenomena, refers 
again to the theory of two forces acting in opposite directions at the 
two extremities of the strata, and suggests in addition the elevating 
action of gaseous, or melted matter beneath, omitting, however, to 
account for the general southeasterly direction of the dip. 

As the priority of our views in respect to the fact of an inverted 
and folded structure throughout the chain from Virginia to western 
Massachusetts, is, we think, clearly established, by our several publi- 
cations above cited, we can only ascribe the omission on the part of 
our esteemed friend Prof. Hitchcock, distinctly to recognize it, to the 
insulated manner in which our descriptions and general views have 
appeared in our Annual Reports and other occasional publications. 


Or THE FLEXURES OF THE STRATA, AND THE LAW OF THEIR GRA- 
DATION, FROM SouTHEAsT TO NorTHwest. 


The above described phenomena of the dips in the Appalachian 
range may, we think, be readily accounted for by the peculiar char- 
acter of the flexures of the strata. These flexures, unlike the sym- 
metrical curvature usually assigned to anticlinal and synclinal axes, 
present, in almost every instance, a steeper or more rapid arching 
on the northwest than southeast side of every convex bend; and as 
a direct consequence, a steeper incurvation on the southeast than 
the northwest side of every concave turn; so that, when viewed 
together, a series of these flexures has the form of an obliquely un- 
dulated line, in which the apex of each upper curve lies in advance 
of the centre of the arch. On the southeastern side of the chain, 
where the curvature is most sudden, and the flexures are most closely 


* See Proceedings of American Philosophical Society for Jan. 1841, 
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crowded, they present a succession of alternately convex and con- 
cave folds, in each of which the lines of greatest dip on the opposite 
sides of the axes, approach to parallelism, and have a nearly uniform 
inclination of from forty-five to sixty degrees towards the southeast. 
This may be expressed, in other words, as a doubling under or inver- 
sion of the northwestern half of each anticlinal flexure. Orossing 
the mountain chain from any point towards the northwest, the form 
of the flexures changes, the close inclined plication of the rocks pro- 
ducing their uniformly southeastern dip gradually lessens, the folds 
open out, and the northwestern side of each convex flexure, instead 
of being abruptly doubled under and énverted, becomes either ver- 
tical or dips steeply to the northwest. Advancing still further in 
the same direction into the region occupied by the higher forma- 
tions of the Appalachian series, the arches and troughs grow suc- 
cessively rounder and gentler, and the dips on the opposite sides of 
each anticlinal axis gradually diminish and approach more and 
more to equality, until, in the great coal-field west of the Allegheny 
mountain, they finally flatten down to an almost absolute horizon- 
tality of the strata, at a distance of about one hundred and fifty 
miles from the chain of the Blue Ridge or South mountain. 

These general features in the physical structure of the Appala- 
chian region, will be best understood by consulting the /deal section, 
Plate No. III, intended to embrace the prevailing character of the 
different portions of the chain from the Blue ridge to the western 
coal-field. Along with this diagram, which embodies the general 
results of our observations, will be found several actual sections, 
comprising the principal details of structure and topography ob- 
served in different parts of the chain, from New Jersey to eastern 
Tennessee. These cross the belt at nearly equal intervals, and have 
been selected from a number, all of which equally exhibit the 
general conditions of structure above described. 

To assist in conveying clear conceptions of the diversified and 
sometimes complicated modes of structure, occasioned by the flex- 
ures and foldings of the strata, we deem it important to introduce 
here two or three new descriptive terms, which seem called for by 
the necessity of possessing a phraseology adapted to the relation- 
ships of the strata about to be detailed. Using the terms anticlinal 
and synclinal in their commonly accepted sense, we propose to apply 
the phrases anticlinal or synclinal mountain or range to designate 
ridges formed respectively by a convex and concave flexure of the 
strata. Every flexure, of such degree as to fall short of producing 
an inversion of the rocks on the northwestern side of the anticlinal, 
and the southeastern side of the synclinal bends, we shall call a nor- 
mal flexure ; and the dips corresponding to such flexures, as exhib- 
ited in transverse sections, we shall denominate normal dips. While 
the phrases, anticlinal dip, and synclinal dip sufficiently express the 
directions of the beds, due to the concave and convex flexures, we 
propose the term monoclinal, to signify a sameness in the direction 
of the dip, and shall term a mountain or a valley, in which such 
sameness prevails a monoclinal mountain, or monoclinal valley. As 
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briefly expressive of the whole concave and convex flexure, we 
propose to use the terms arch and trough. 

Conceiving a plane to be extended through the apex or most in- 
eurved part of each of the concentric flexures in an anticlinal or 
synclinal bend, so as to occupy a medial position between the two 
branches of the curve, we propose to call this plane the aais-plane. 
Where the flexure is perfectly symmetrical on both sides of the 
plane, and the dip on the one side, therefore equal to that on the 
other, it is evident, that the axis plane will have a vertical position. 
In the Appalachian region, however, and, as we believe, in nearly 
all other disturbed chains, where the phenomena of flexure are ex- 
hibited on a scale of much extent, these planes are inclined to the 
perpendicular in a greater or less degree, according to the energy of 
the inflecting force. In the region before us, the dip of the imagi- 
‘nary plane is almost invariably to the southeast, the amount of the 
deviation from the vertical altitude diminishing progressively, as we 
cross the chain towards the northwest. A corresponding law of 
the axis-planes will, we believe, be found to obtain, in all extensive 
groups of axes, the general expression of their relation being, that 
the dip of the axis-planes is always towards the region of maximum 
disturbance. From the position thus possessed, by the axis-plane, 
it will readily appear, that its intersection with a horizontal line 
connecting the southeast and northwest branches of an anticlinal 
flexure, will lie nearer to the northwestern branch, and that the re- 
verse will be the case in a synclinal bend. For these relations, see 
Diagrams, Plate No. III. 


CHARACTER OF THE FIEXURES IN EAOH OF THE NINE DIVISIONS OF 
THE APPALACHIAN CHAIN. 


While the flexures of the strata of the Appalachian chain every- 
where conform to the general type above described, they display in 
each of its great subdivisions, some one or more prevailing char- 
acters, marking, as we think, the degree of energy, and the direc- 
tions of the disturbing forces. Of these, as exhibited in the several 
divisions formerly specified, the following is a brief account. 

1. Hudson River Division. In this belt, the flexures are for the 
most part, of the closely folded type, and the dip is almost invari- 
ably towards the southeast, the compressed and oblique plication of 
the beds extending equally to the hypogene, or primary rocks, of the 
mountains bounding the valley on the east, and to the lower forma- 
tions of the Appalachian system, which occupy the valley itself. 
Northwestward of the valley, this folded condition of the rocks 
gives place, as in the vicinity of the Catskill mountain, to flexures of 
the normal form, which, as we advance, become comparatively ob- 
tuse. 

2. Delaware Division. In this curving district, the formations 
of the valley, though still often inverted, are not always so, the flex- 
ures being less abrupt, and sometimes of the steep normal type. 
Thus, in New Jersey, in the tract chiefly occupied by the lower Ap- 
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palachian limestone, the tronghs become somewhat open, and admit 
long, narrow, synclinal belts of the next superior division, the great 
slate mass of the Hudson river. As we cross this division north- 
westward, beyond the valley, the flexures soon grow very gentle, 
and as a consequence, the same rocks spread themselves out over 
very wide tracts, imparting to both the geology and topography a 
comparatively monotonous character. In all these conditions of 
flexure in this division, we detect the proofs of a less energetic up- 
lifting and bending force, when compared with that which operated 
on the contiguous straight belts, situated to the north and south, 
where the close and oblique plications fill the valley, and where the 
steep normal flexures range further across the, chain. 

8. Susquehanna Division. Here the obliquely folded flexure is 
the prevalent one throughout the great valley, giving a general 
southeasterly direction to the dip. This inversion extends even to 
some distance northwest of the valley, so as to reach the first an- 
thracite basin, in the middle or widest portion of which a southerly 
dip very generally prevails. The flexures or axes of this division 
occupy a very broad belt of country, extending from Lancaster 
county, across to the northern line of Pennsylvania, a space of one 
hundred and fifty miles, 

4. Juniata Division. In this region, the strata are generally in- 
verted, throughout the whole breadth of the South Mountain and the 
great valley. The principal anticlinal flexures of the Middle Moun- 
tain-belt are remarkable for their great height and steepness, and 
for the frequency with which they bring almost the lowest of the 
Appalachian formations to the surface. These features, with the 
unusual breadth of the belt, across which the disturbances of the 
strata extend, would seem to show, that the forces producing the 
axes of this region were of unusual energy. 

5. Potomac Division. This belt is remarkable for the straight- 
ness of its principal axes, and for the beautiful manner in which it 
exhibits the general laws of gradation in the flexures. Upon its 
southeastern border in the Blue ridge and great valley adjoining, 
there exists a general tendency to an oblique folding or inversion of 
the strata, though this condition is less predominant than in the two 
before-mentioned straight portions of the chain, namely, the Susque- 
hanna and Hudson divisions. In other words, the rocks are less 
completely folded, many perpendicular and some northwestern dips 
occurring, to form the northwest side of the arches, and as we ad- 
vance beyond the valley, the normal curvatures become the preyail- 
ing ones. In accordance with this general condition of things, the 
great valley contains a long central belt of the middle Appalachian 
formations, included in a deep trough, a feature that could not exist, 
if the synclinal foldings were as compressed as in the other more in- 
verted districts. This less closely folded state of the rocks appears 
to extend entirely across the whole undulated belt, the breadth of 
which, from the Blue ridge to the valley of the Monongahela, is 
about one hundred and ten miles. Such a feature seems to imply 
a less energetic disturbing force in this belt than in the district of 
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curving axes adjoining it on the north, where the rocks in the val- 
ley are much inverted; and this inference is supported by the fact 
of the very rare appearance, at the surface, of those lower rocks, 
the older Appalachian limestone, for example, which occupy anticli- 
nal tracts in the curving belt, and form a conspicuous feature of it. 

6. James River Division. This district, sharing with the rest all 
their essential structural features, and displaying, as formerly men- 
tioned, especially in its valley portion, much irregularity in the 
strike of its strata, and the direction of its generally short axes, is 
remarkable for a confused blending of the various kinds of flexure, 
even within a narrow breadth, and for the passage, more frequently 
than in the previous division, of the folded and inverted flexures 
into faults. The great valley is here occupied, in part, by the ex- 
tensive synclinal range of the Short Hill, and the wide, irregular 
trough, including the Catawba and Fort Lewis mountains, as well 
as by other minor ridges of the superior rocks, and is marked by 
the occurrence of along line of fault, accompanied by inversion, 
along the southeast side of the Fort Lewis mountain, and by the 
prolongation, in a variety of curious phases, of the great fault which 
extends along the southeastern base of the Little North or Brushy 
mountain, hereafter to be more particularly noticed. 

7. Holston Division. In this region, the folded structure, at- 
taining its maximum limits, assumes the new condition, (evinced, 
in a few cases, in the preceding district,) wherein the inverted 
flexures become a series of dislocations, surpassing, for their length, 
straightness, and parallelism, any other group of faults recorded. 
By far the greater part of the strata dip in one direction, or to the 
south-southeast, the downthrow at the faults being invariably on 
their northwest side. In crossing this region to the north-north- 
west, after passing for some distance to older and older formations 
as we approach a line of elevation, instead of meeting with their 
counterparts, in an anticlinal arrangement, we step at once from 
some of the oldest of the Appalachian formations, to beds as recent 
as the European carboniferous limestone, and thus behold in near 
contact, on opposite sides of the closed gulf, strata, which origi- 
nally occupied positions in the vertical column, eight thousand feet 
apart. This abrupt transition may be noticed, many times in suc- 
cession, in the first thirty miles, going northwestward from the 
base of the Blue ridge. . 

8. Knoxville Division. As in the instance of the district last de- 
seribed, the whole disturbed space is comparatively narrow. Here, 
too, in consequence of the numerous inverted flexures and parallel 
lines of dislocation, the strata are extensively inverted, having, 
therefore, very generally, a dip to the southeast, and displaying the 
normal form of flexure but rarely, until we reach the northwestern 
side of the district. Of this universal prevalence of southeasterly 
dip, mention is made by Prof. Troost, in his ‘Annual Reports on 
the Geological Survey of Tennessee, for the years 1839 and 1840,’ 
and wecan confirm his statements by our own observations made 
in the northern parts of the district. An interesting feature in this 
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belt is the analogy which it displays to the other convex or Juniata 
division, in the regular or uninterrupted curving of the axes and 
lines of strike; and on the other hand, the decided contrast, in this 
respect, which they both present to the two concave belts, where 
the axes are shorter and less parallel. 

9. Alabama Division. This disturbed tract, progressively di- 
minishing in breadth, from its commencement in Tennessee to its 
termination in Alabama, displays the usual inversion of the lower 
rocks, and the other signs of the presence of oblique flexures, and 
of that species of dislocation, which results from them, and would 
seem, from the best information we can collect, to preserve these 
features of structure without abatement to its extreme southwest- 
ern end, where it is finally overspread by the newer secondary 
and tertiary strata. 

Thus, every section of the Appalachian chain, whatever its di- 
rection or curvature, offers the same remarkable and beautiful fea- 
tures and gradations in its axes, implying that the cause of these phe- 
nomena was some grand and simple energy, coextensive with the 
whole margin of the Appalachian sea, from Canada to Alabama. 


EXEMPLIFICATION OF THE SEVERAL Moprs oF STRUCTURE. 


1st. Normal Flexures. Having presented a general outline of 
the different divisions of the chain, we shall next enter into a 
description of the several varieties of structure, which distinguish 
the different parts of it. Flexures of the normal character, constitute, 
as we have seen, the predominant curvatures of the strata, through- 
out almost the entire length of this mountain zone, the obliquely 
folded, or inverted axes, being principally limited to a belt of variable 
width, along the southeastern side. Of the numerous parallel anti- 
clinal and synclinal ranges, which strikingly exhibit this normal 
configuration, we shall cite a few examples from Pennsylvania and 
Virginia, and refer to the engraved Sections accompanying this paper, 
for details of the dip in each respective portion of the chain. In the 
Knobly mountain, the most westerly of the great anticlinal flexures, 
situated to the southeast of the coal region, the normal character is 
maintained with great uniformity, throughout a distance of upwards 
of fifty miles. It commences with the first appearance of the axis, in 
the immediate vicinity of Cumberland, and continues, as the mountain © 
augments in breadth and height, in its extension to the southwest. 
Still further in that direction, beyond the intersection of the axis with 
the North Fork of the Potomac river, in Pendleton county, Virginia, 
the dips on the northwestern side of the arch become either perpen- 
dicular, or slightly inverted ; and this attitude they retain for a further 
distance of about forty miles. Traced from its first appearance, a 
little southeast of Cumberland, to its termination in the anticlinal 
valley of Crab Bottom, this axis offers a beautiful illustration of the 
prevailing regular gradation in the amount of inflection which the 
strata have undergone, in different portions of the line, as dependent 
on the varying intensity of the elevating and bending force. At first, 
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the lowest rocks, which the axis exposes, are the red and calcareous 
shales (For. V,) or Clinton group. Here the flexure, though more 
abrupt on the northwest than on the opposite side, does not exceed 
a moderately steep normal curvature. Further to the southwest, 
where the next inferior formation (For. IV, Shawungunk grit) 
emerges to the surface, and expands, as we advance, giving an impos- 
ing breadth and elevation to the ridge, we find the northwestern 
part of the arch so increased in steepness, that its dips are nearly 
vertical. The axis, becoming still more developed as we proceed, 
the next inferior formation (For. III, Hudson slates) now makes its 
appearance, and rapidly expands into an anticlinal valley, which sepa- 
rates the broad and lofty mountain range into two distinct ridges. 
The strata of the northwestern of these crests have a vertical, and 
even, sometimes, an inverted dip. Still further, in the same line, 
a yet lower formation rises, the great lower Appalachian limestone 
(For. IL), and occupies a large portion of the breadth of this anticlinal 
valley. Thedip of the rocks in the northwestern ridge now be- 
comes, as might be anticipated, very frequently inverted. Passing 
this culminating portion of the axis, its further prolongation to the 
southwest is marked by the foregoing phenomena, in a converse 
order, until finally, near the head-waters of Back Creek, the divided 
strata of the higher groups once more unite, to form a gentle normal 
flexure, in the inconspicuous ridge at the southwestern termination 
of the axis. 

In the Bull Pasture mountain, which traverses Pendleton and a 
portion of Bath counties, in a line southeast of the range above de- 
scribed, we have an example of the retention of the normal struc- 
ture throughout the entire length of the axis, embracing a distance 
of more than fifty miles. Here, also, we witness the gradual steep- 
ening of the flexure, as lower and lower groups are elevated to the 
surface, although the whole amount of the elevatory movement, 
having, in this case, been less than in that of the Knobly axis, it 
has nowhere produced an actual inversion of the dip. 

The interesting relation here disclosed between the steepness of 
the flexure and the amount of actual rise of the rocks, at different 
points in the axis, extends to all the shorter as well as the most pro- 
longed of these lines, and applies to every part of the Appalachian 
chain, constituting a law of structure, connected intimately with the 
theory of the nature of the folding movement. 

Besides the above cases, we may cite, for Pennsylvania, the great 
axis of Wills’s Creek mountain, that of the Black Log anticlinal val- 
ley, and the still more prolonged one of the Kishicoquillas valley, 
and Jack’s mountain, in all three of which the normal type is pre- 
served, while the relation between the degree of developement of 
the axis and the steepness of the northwestern dips, as already 
announced, is uniformly displayed. 

2nd. Inverted Flexures. As indicated in the general or ideal 
Section of the chain, the flexures, accompanied by an inversion of 
the strata on the northwestern side, are of most frequent occur- 
rence along the southeastern border of the Appalachian chain. In 
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some districts, however, these foldings extend, for a considerable 
distance across towards the middle of the belt, a fact well exempli- 
fied in the general southeasterly dip of the Pottsville coal-field. 
The passage from the normal to the closely folded inverted curva- 
ture, as the developement of the axis increases, is a phenomenon well 
observed in a number of the principal anticlinal ranges in Pennsyl- 
vania and Virginia, among which may be instanced the Bald Eagle 
axis, in the former state, and the Jackson’s mountain and the Wolf 
creek axes, in the latter. 

The Bald Eagle axis, commencing some miles south of Hollidays- 
burg, and ranging west of the centre of Sinking and Nittany valleys, 
and through the middle of Nippenose valley, terminates south of 
the Allegheny mountain, a number of miles northeast of Pennsboro’. 
It thus embraces, in its long and gentle sweep, a distance of about 
one hundred and twenty miles. For many miles of its length, at 
each extremity, where it lifts only the middle Appalachian rocks, it 
displays simply a gentle normal flexure; but nearer the middle of 
the line, where it elevates lower and lower formations, and finally 
brings to the surface the great Appalachian limestone, the arch 
gradually steepens, until it embraces a vertical, and occasionally an 
inverted dip, along the Bald Eagle mountain, from the Little Juniata 
to Bellefonte. 

The Jackson’s mountain axis commences near the northwestern 
flank of the Fork mountain, in Pendleton county, Virginia, and con- 
tinues in a nearly straight direction in Jackson’s mountain, and the 
anticlinal valley of the Warm and Hot Springs, as far as Jackson’s 
river in the neighborhood of Covington. This comprises a length 
of about seventy miles. Traced from its northeastern extremity to 
within a few miles of the first exposure of the lower Appalachian 
limestone, the mountain continues single, and displays a normal, but 
regularly increasing arch, with a steepening northwest dip. But 
further towards the southwest, from the commencement of the anti- 
clinal valley, in which the limestone rises, to the lower end of the 
Falling Spring valley, the mountain divides itself into two ridges, 
that on the northwest exhibiting both perpendicular and inverted 
dips. Beyond the Falling Spring, the valley rapidly closes up again 
by the subsidence of the axis, and at Jackson’s river nothing re- 
mains of this remarkable range but a low ridge, composed of the 
higher rocks, arching over in a moderately obtuse normal flexure. 

The Wolf creek axis, in Virginia, rises near the head of Stony 
creck, a little southeast of Peters’s mountain, and ranges along the 
southeast side of Peters’s and the northwest side of Wolf creek 
mountain, and Rich mountain, for a distance of between seventy 
and eighty miles. Throughout nearly the whole of its length, this 
axis lies in the lower Appalachian limestone, in which there is an 
inversion of the dip on the northwest side of the axis plane, that 
sometimes passes into a fault. This inversion is strikingly displayed 
along the southeastern base and slope of the synclinal mountain 
called Buck-horn ridge, adjoining the axis on the northwest, where 
the strata of this side of the mountain are folded over so as to lie 
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in almost parallel posture with the corresponding rocks on the op- 
posite or northwestern side of the trough. 

3rd. Flexures broken or passing into faults. A feature of fre- 
quent occurrence in certain portions of the Appalachian belt, is the 
passage of an inverted or folded flexure into a fault. These dislo- 
cations, preserving the general direction of the anticlinal axes, out 
of which they grow, are usually prolonged to a great distance, hav- 
ing, in some instances,—for example, in southwestern Virginia,—a 
length of about one hundred miles. These lines of fault occur in 
all cases along the northwestern side of the anticlinal, or the south- 
eastern side of the synclinal axis and never in the opposite situa- 
tion. This curious and instructive fact is best seen by tracing, longi- 
tudinally, some of the principal anticlinal axes of Pennsylvania and 
Virginia. From a rapidly steepening northwestern dip, the north- 
western branch of the arch passes through the vertical position, 
into an inverted or southeastern dip; and at this stage of the fold- 
ing, the fault generally commences. It begins with the disappear- 
ance of one of the groups of softer strata, lying immediately to the 
northwest of the more massive beds, which form the northwestern 
summit of the anticlinal belt. The dislocation increases as we fol- 
low it longitudinally, group after group of these overlying rocks 
disappearing from the surface, until, in many of the more prolonged 
faults, the lower limestone is brought, for a great distance, with a 
moderate southeasterly dip, directly upon the carboniferous forma- 
tions. In these stupendous fractures, of which several instances 
occur in southwestern Virginia, the carboniferous limestone being 
brought into close proximity to the great lower Appalachian lime- 
stone, a portion of which, even, is occasionally buried, the thickness 
of the strata ingulfed cannot be less than seven thousand or eight 
thousand feet. 

The position of the strata along some of these extraordinary dis- 
locations may be seen in the Sections OC. D. E. (Plate No. V) ac- 
companying this paper. Sections D. and E. represent (at a) the 
conditions prevailing in the prolonged fault on the northwest side 
of the axis of the Sweet Springs Valley. This axis in its normal 
state, brings up the great lower Appalachian limestone, flanked on 
the northwest by the overlying slate and sandstone, which, together 
with the northwestern half of the limestone, have a steep north west- 
ern dip. More towards the southwest this dip augments; the strata 
on the northwest side of the axis soon become vertical, and thence 
quickly pass into the inverted position. At this point, the fault begins, . 
being marked, at first by the disappearance of a portion of the slates 
(For. Ill) and variegated shales (For. V), adjoining the thick-bedded 
sandstone (For. IV), which forms the framework of the ridge, that 
bounds the anticlinal valley on the northwest. It presents, as it ex- 
tends southwestward, a continually augmenting hiatus in the geo- 
logical series, ingulfing in succession nearly all the strata between the 
limestone of the axis, and the carboniferous limestone, and exhibit- 
ing an inversion of the latter, for some distance across to the north- 
west of the line of fault. The inversion of the strata near the dislo- 
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cation on its northwest side, giving them a southeasterly dip, be- 
comes less as we recede from the fault. By a gradual transition the 
dips become perpendicular, then steeply inclined to the northwest, 
and eventually, at no great distance, very gently so; after which a 
few broad and feeble undulations succeed, as we pass into the coal 
region. Tracing this line of fault, in a southwesterly direction, for a 
distance of upwards of one hundred miles, we encounter, at various 
points, portions of the ingulfed strata, which occasionally reappear 
to form isolated knobs or short ridges, inclosed between the two 
great limestone formations (For. II and For. XI), the crushed edges 
of which, however, are usually not thus separated. The detached 
masses, so curiously wedged into the chasm of the fault, consist of 
small remnants of the thick slate group, which underlies, at some 
interval the carboniferous limestone, and of the hard white sand- 
stone (For. [V, Shawungunk grit), which constitutes, as it were, the 
bony skeleton of our principal Appalachian ridges. 

Sections C, D, and E, show (at ce) the conditions usually prevail- 
ing in a very remarkable line of fault, which extends, with but few 
interruptions, along the western margin of the Great Valley of Vir- 
ginia, throughout the chief part of its length. The ridge, which 
bounds this valley on the northwest, and which, as we pursue it 
southwestward, assumes successively the names of Little North 
mountain, North mountain, and Brushy ridge, marks the position of 
this-extraordinary dislocation. With the exception of several inter- 
vening spaces, some distance south of the James river, in which the 
normal, or northwestern dip of the rocks in this ridge, is in the main 
retained, its strata assume an inverted attitude, the great lower 
Appalachian limestone of the valley, lying on the slates of the next 
superior group, and these, in turn, resting with a southeast dip on 
the white sandstone, while the adjoining formations of a still higher 
position in the series, are either partially or entirely swallowed in 
the fissure. The sandstone itself, which, throughout a part of the 
State, gives prominence to the ridge, and the slates intervening be- 
tween it and the limestone, are both more or less ingulfed, and in 
some parts of the line, the whole mass of the mountain has disap- 
peared; so that the observer may cross, by a single stride from the 
very ancient limestone of the valley, to beds but little lower in the 
series than the carboniferous limestone. Still further along the line, 
the formations thus lost are seen partially rising again into view, 
the white sandstone (For. IV) first showing itself in insulated knobs 
or patches, and afterwards in a continuous, low, and irregular ridge, 
in which some of the other missing groups also reappear. Between 
a point a few miles south of the intersection of the James river with 
this ridge, and the neighborhood of Abingdon, near the Tennessee 
line, this fault assumes a more uniform, though, perhaps, a still more 
extraordinary character. At the passage of the river, the massive 
range of the North mountain presents no other indications of this 
line of fault than a partial inversion of the thick beds of sandstone, 
of which it principally consists, and an entire overthrow and partial 
burial of the slates which flank it on the southeast. But a few 
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miles further towards the southwest, the whole of this enormous 
mountain mass sinks from view, excepting an isolated knob here or 
there, of the harder rocks, which, for a short distance serve to mark the 
irregular progress of the fault. At length the dislocation attains 
what may be called its maximum intensity; the slate, and not un- 
frequently, the limestone of the valley, resting in an inverted atti- 
tude, with a gentle southeast dip, directly upon the southeasterly 
dipping grits and shales of the formation next beneath the carbonif- 
erous limestone, here constituting the southeastern slope of the 
Brushy mountain. The seam of semi-bituminous coal, generally 
embraced between these strata, is, in virtue of the dislocation, made 
to assume the anomalous condition of passing wnder the valley lime. 
stone at a distance of only a few hundred feet, dipping in the same 
direction with that rock. 

Preserving these features, with but little variation, throughout 
its whole course to the southwest, this extraordinary fault extends, in 
an almost perfectly straight line, along the southeastern slope of the 
Brushy mountain, from near the head of the Catawba creek, to the 
vicinity of Smyth court-house, a distance of more than eighty 
miles. At no point, in this line, are the rocks which originally 
formed the counterpart to the strata of the Brushy mountain, and 
which are, in fact, represented by those of the Little North moun- 
tain, in the northern part of the line, even partially restored to the 
surface; so that this stupendous dislocation is to be viewed as hav- 
ing actually swallowed up the rocks of the southeastern half of a 
large synclinal basin, of which the Brushy mountain remains as the 
other half. 

4th. Of the distribution of the axes in groups. Wherever, in the 
Appalachian chain, we become minutely familiar with the undula- 
tions of the strata, we find it impossible to resist the conclusion that 
the axes arrange themselves in natural groups, the individual flex- 
ures showing a close agreement in their length, mutual distance, 
straightness, or curvature, and in the extent and style of the arch- 
ing. In those districts which are crowded with normal axes, such 
as the Susquehanna and Juniata divisions, many such groups attract 
our notice. Each of these assemblages of axes being generally dis- 
tinguished by some special character, we are inclined to regard the 
comparison and analysis of their several features as of the very 
highest importance, in those investigations of geological dynamics 
into which the whole subject of flexures must evidently lead us. 
The limits of the present memoir preclude a detailed description of 
each group of axes, contained even in the States of Virginia, Penn- 
sylvania, and New Jersey, where we have principally explored 
them, and altogether forbid avy attempt to apply our theory of 
flexures to an explanation of the local features, distinctive of each 
group. We shall, therefore, content ourselves with describing two 
or three of these collections of axes, more for the purpose of proy- 
ing our present general statement, that the axes do thus assort 
themselves, than with a view to discuss the secondary causes con- 
nected with their peculiarities. 
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The great divisions, into which the entire chain naturally divides: 
itself, are alone abundantly significant of this essential tendency of 
the axes to form groups. For, upon a general view of the whole 
chain, each of the nine extensive belts, into which we have divided 
it, becomes one comprehensive group, in which all the axes display 
certain common characteristics of straightness or curvature, as the 
case may be. Lest, however, it should be supposed that this group- 
_ ing of the flexures is only to be recognized when we embrace very 
extensive subdivisions of the chain, we shall refer to smaller tracts, 
and show, that axes of all dimensions thus associate themselves. 
An excellent instance of a group is to be seen in a district composed - 
of the northern half of Mifflin, and the southeastern half of Centre 
counties, in Pennsylvania. The axes which belong to the general 
convex system of the Juniata accord remarkably, in all their essen- 
tial features. They are either of the normal type, with steep north- — 
western dips, or they have the northwestern part of the arch 
slightly inverted. They are almost exactly parallel, curving a little 
in obedience to the general sweep of the chain, while they are sin- 
gularly equidistant from each other. As each flexure possesses 
nearly the same transverse form and dimensions, they bestow a 
strikingly regular and symmetrical topography on the whole region, 
the great lower Appalachian limestone and slate groups rising to 
the surface in a series of long and parallel anticlinal valleys, while 
the overlying sandstones compose so many intervening, steep, 
straight, and regular synclinal ridges. 

Another well characterized belt of flexures fills the Lewistown 
valley in Pennsylvania; applying this name to the whole of the 
long, natural valley, which extends from the Susquehanna to the 
Juniata, southeast of Jack’s mountain. In a breadth of about six 
miles, there are here usually from five to six long, parallel, and 
gently curving anticlina] axes, all of them of the normal form, re- 
sembling each other very nearly in the steepness of the dips, or 
average degree of flexure. The lowest rocks, which they lift to 
the surface, are the variegated shales, (For. V, Clinton group,) and 
the highest, which their intermediate troughs have retained, are 
the sandstone (For. VII,) and the overlying slates of For. VIII. 

A third very natural group of flexures is to be noticed in the 
eastern part of the middle anthracite coal-field of Pennsylvania. 
The axes in question separate that region into an assemblage of 
small, parallel coal basins, of which the Beaver Meadow basin is 
one. Like the previous groups, these axes are characterized by their 
remarkable parallelism, their similarity in length, their exact equi- 
distance, and their gentle gradation, approaching to equality in the 
degree of the flexure.* They all of them bring to the surface the 
conglomerate which next underlies the coal, and the troughs, which 
they form, contain about the same moderate depth of coal measures, 


* The authors, in a marginal note, have changed this sentence so as to read: 
‘‘ Like the previous groups, these axes are characterized by their remarkable 
parallelism, their similarity in length, their bate lee increasing distances, 
and their gentle gradation in degree of the flexure.’’>—Eb. 
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growing shallower, however, to the northwest. This collection of 
axes, unlike the two groups before described, belongs to a straight 
system. 

If it were desirable, we might extend the enumeration of the 
groups of axes to every part of the Appalachian chain, but abun- - 
dant evidence has been furnished, to show that our anticlinal axes 
are not irregularly distributed, but maintain relations with each 
other, which require that they should be classified and studied col- 
lectively. Their generic resemblances examined, they will be found 
to exhibit general laws and analogies, that cannot fail to lead to 
some highly curious results concerning the forces, which from time 
to time have thus undulated the earth’s crust. That this curious 
and most instructive department of geological dynamics has es- 
caped, until lately, the attention of the best investigators, we can 
only attribute to the fact, that in Europe, no belt of axes, equal 
in extent to the Appalachian system, has come within the notice of 
geologists. Before a philosophical theory of flexures can be framed, 
large opportunities must be had for classifying their phenomena, 
and tracing their laws of gradation. 

_ It is a curious and important fact connected with this group of 
axes, that in certain cases, chiefly, we believe, in wide and deep 
troughs, the included smaller axes or wrinkles, though parallel to 
each other, are not parallel to the general synclinal axis of the basin, 
in which they occur. ‘This feature is obvious in all the deep anthra- 
cite coal-basins of Pennsylvania, especially near their terminations. 
These lesser, subordinate axes, generally have a strike parallel to 
that of one of the great flexures bounding the basin; but, on account 
of the convergence of the sides of the trough, they are necessarily 
more or less oblique to the opposite margin. They are, therefore, 
so many long, parallel warpings of the strata, conforming to one 
boundary, but abutting acutely against the other. Sometimes, in- 
deed, they cross the basin very gradually, or pass almost longitudi- 
nally, from one side to the opposite, and die out, as wrinkles on the 
slopes which bound the basin. That they have originated in an 
inequality in the energy of the linear forces concerned in bending 
and elevating the rocks along the principal flexures, and arise there- 
fore, from an actual warping of the strata, seems altogether proba- 
ble. If so, they are secondary consequences of those more general 
and extended movements, which give existence to the grander flex- 
ures, in whose folds they lie. To describe all the phenomena relat- 
ing to these minor assemblages of axes, the full investigation of 
which, as it concerns the mining operations of our coal-fields, is, 
perhaps, the most useful practical inquiry that the geologist can un- 
dertake, would demand a body of minute details, only to be eluci- 
dated by a general map of the flexures, not yet ready for publication. 

5th. Parallelism of the axes in each group. The parallelism of 
the several axes or lines of flexure, which compose a group, either 
extensive or limited, is one of the most remarkable relations. The 
descriptions already furnished show, that it prevails in every portion 
of the chain, whether straight or curved, and extends even to the 


620 


members of the smallest groups. A striking exhibition of this mu- 
tual parallelism may be noticed among the inverted and normal flex- 
ures in the great valley, in that part of the chain which we have 
called the Potomac division. Some of the larger axes are there 


‘prolonged, side by side, for nearly one hundred miles. The same 


fact may be equally well seen in the great curving axes of the Juniata 
division, and amongst those most remarkably persistent flexures, 
which divide the parallel bituminous coal-fields northwest of the 
Allegheny mountain in Pennsylvania and Virginia. It is yet more 
strikingly displayed, perhaps, in the long and singularly straight axes 
and faults of the Holston region, in Virginia and Tennessee, where 
the lines, both of flexure and of dislocation, maintain almost exactly 
the same distance from each other for upwards of one hundred and 
fifty miles. This parallelism, however, is after all but approximate, 
though, as many of the adjacent axes of a group in a length of say 
fifty miles, observing a mean distance of not more than two or three 
miles, seldom approach or recede more than a fourth of this space, 
we are justified in seeking for some theory which shall explain so 
conspicuous a relation. 

6th. Of the great length of some of the axes. Perhaps nothing 
astonishes the geological traveller in the Appalachian chain, so much 
as the enormous length and persistency of many of the axes. Tracing 
these lines of flexure longitudinally, they will not unfrequently be 
found to range for eighty or one hundred miles, with but little de- 
viation either from perfect straightness, or from a uniform gradual 
curvature, parallel to the general inflection of the division of the 
chain, in which they are included. This astonishing regularity and 
length is, perhaps, best noticed in the axes of the northwestern side 
of the belt, where they frequently exhibit a steady curvature, for 
more than one hundred and fifty miles. Whether the southeastern 
axes are less prolonged, or whether their crowded condition often 
conceals the continuity of their range, are points we do not at pres- 
ent undertake.to decide. Among the very numerous instances of 
long and regular axes of the steep normal type, we must specify, in 
the Susquehanna region, the straight axis of Montour’s ridge, which 
extends about eighty miles; in the Juniata division, the beautifully 
inflected axis of Jack’s mountain, continuous for more than ninety 
miles; in the Potomac division, the straight axis of Wills’s creek 
mountain, ninety miles in length, and also that of the Knobly moun- 
tain, nearly a prolongation of the last, itself a hundred miles long. 
To these we may add, for the Holston region, the straight axis of 
Wolf creek, and that of the Clinch mountain, the former of which 
is about one hundred miles, and the latter more than one hundred 
and twenty miles in length. 

It is probable that numerous axes of the folded or inverted type, 
quite as extended, exist in the great valley, and the adjacent belt of 
ridges on the southeast side of the chain, and we have already seen, 
that where some of the steep normal and inverted flexures pass 
into dislocations, they have a length even exceeding that of any of 
the axes above referred to. If we turn to the more depressed nor- 
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mal axes of the western coal region, we shall find, that that which 
lies next northwest of the Potomac basin, is at least seventy miles 
long, that of the Negro mountain ninety miles, that of Laurel hill at 
least ninety miles, and that of Chestnut ridge, or West Laurel hill, 
more than one hundred miles in length; and our geological maps 
will exhibit, in other less well known portions of the same belt, a 
series of similar obtuse flexures, of even still more extended length. 

7th. Of the curving of axes. It is needless to add much to what 
has already been said or inferred concerning the horizontal inflec- 
tion of the axes in some groups, since the changes of strike men- 
tioned, while tracing the great divisions of the chain, involve a 
parallel bending of all the principal and most influential flexures 
individually. Considering the enormous extent of warping, which 
the crust must have undergone, and which we can infer that it did 
undergo, from the evidence afforded in the lesser, or secondary 
flexnres, and also from the nature of the faults, the prevailing con- 
tinuity and graceful, curving outline, witnessed in many of the 
inflected axes, are truly remarkable. There are cases, as in that of 
the Jack’s mountain flexure, where a continuous axis sweeps for 
ninety miles, to undergo a change of strike of as much as forty-five 
degrees, without once taking on a serpentine or contrary incur- 
vation, or manifesting any considerable inequality in the bending. 
Instances of such extraordinary length and regularity, are, however, 
comparatively rare, and are confined chiefly to the divisions of the 
chain in which the curvature is convex to the northwest. A more 
common linear form among the longer curving axes, if we except 
those,—the longest and most regular of all,—which traverse the 
great northwestern coal region, is one which embraces a partial 
discontinuity of the line, at one or several points. This discontinu- 
ity is, in most cases, only partial, being of the nature of a warp, 
the anticlinal arch embracing, generally on its southeastern slope, 
another flexure, which either immediately, or at a moderate dis- 
tanee, becomes the principal, and finally the only, anticlinal crest, 
while the original summit, in its turn, subsides upon the flank of 
the other. In such cases, where the two closely overlapping flex- 
ures are included within one general anticlinal arch of about the 
same average breadth and height as the parts which contain the 
flexure in its single state, and where the relative depression em- 
braced by the warp is comparatively trivial, there seems no impro- 
priety in considering the whole as one great undulation, locally 
disturbed, from some inequality in the bending or resisting forces. 
The warp will, in fact, be found, in such cases, to occur commonly 
near the central portion of the line, where the maximum degree of 
flexure and elevation, in all strictly continuous axes, has been 
experienced, and exactly where we would naturally look for the 
greatest irregularities in the movement of the strata. 

When the bearing of the various phenomena of curving axes 
upon some of the most interesting questions of geological dynamics 
is contemplated, the importance of a critical investigation of all 
their modifications of form cannot fail to be recognized. Besides 
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demanding their proportion of attention, in any theory which 
attempts to explain the origin of axes, generally, these curving axes 
of our Appalachian region merit particular examination in another 
light. They appear to contradict directly the well known hypothe- 
sis of the distinguished French geologist, M. Elie de Beaumont, 
which supposes, that a constant relation subsists between the epoch 
of elevation, and the directions or strikes of the lines of disturb- 
ance. These curving axes constitute so many intermediate links be- 
tween the straight divisions of the chain, in which they terminate 
at their opposite extremities, and they are demonstrably of the 
same age with the rectilinear flexures, with which they there 
alternate. But the different sections of the chain, thus referred to 
one general succession of elevatory movements, differ from each 
other in their strike as much, in some instances, as forty or forty- 
five degrees; and, if we include systems of axes not contiguous, but 
the sameness of whose date is equally demonstrable,—as when we 
compare the Vermont and the Holston axes,—the difference in 
direction is even as much as sixty degrees. Here are extensive 
mountain belts, each upwards of two hundred miles in length, pos- 
sessing unequivocally the same epoch, differing in the direction of 
the elevatory movement much more than some of the European 
systems of widely different geological age. It is obvious, then, that 
the generalization of M. de Beaumont, if in accordance at all with 
nature, is only so as it relates to the general direction of entire 
mountain systems, and not to the course of special groups of axes, 
however extended. 


DESORIPTION OF A SERIES OF SECTIONS ACROSS THE OHAIN. 


Section A, (Plate III.) This section extends from the South 
mountain in Berks county, Pennsylvania, through the anthracite 
basins, to the Allegheny mountain, in Luzerne county, and exempli- 
fies the usual features of structure prevailing in the Susquehanna 
division of the chain, showing the folded and inverted condition of 
all the rocks in the South mountain and great valley, also the steep- 
ness of the northwestern sides of the flexures in the rest of the 
belt, and the beautiful grouping of the axes, especially in the mid- 
dle anthracite region, combined with a general progressive reduc- 
tion in the abruptness of all the curves and dips. It likewise shows 
that the hypogene strata of the South mountain are included in the 
same general system of flexures with the Appalachian strata. 

Section B, (Plate TV.) This extends in a west-northwest direc- 
tion, from the South mountain, in Cumberland county, Pennsylva- 
nia, through the Broad Top coal-field, to Chestnut ridge, in Indiana 
county, and offers a striking illustration of the existence of exactly 
the same structural features, in the curving region of the Juniata, 
as the other shows in the straight one of the Susquehanna. The 
folded or inverted axes occupy the belt of the South mountain, and 
great valley, northwest of which they are succeeded by a broad belt 
of steep normal flexures, several of which lift to the surface nearly 
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the Jewest formations of the system. This section also displays the 
manner in which the western coal region is divided by the wide and 
gentle flexures northwest of the Allegheny escarpment. 

Section ©, (Plate V.) Our third section crosses the chain in a 
direction from the Blue ridge, at Ashby’s gap, in Virginia, through 
Winchester and Romney, to the commencement of the coal rocks, 
on the Front ridge of the Alleghany mountain. It exhibits normal 
flexures everywhere but in the Blue ridge and great valley. In the 
Short hill and Blue ridge, at the southeast end of the section, the 
sandstones, forming the lowest group of the Appalachian system, 
are seen in folded anticlinal flexures, which equally affect the older 
metamorphic rocks, the whole of the northwestern slupe of the 
Blue ridge presenting an inverted or southeastern dip. The general 
southeasterly inclination of the axes-planes, or which is the same 
thing, the greater steepness of the northwestern, compared with the 
southeastern dips, is very uniformly exhibited in this section. The 
rocks of the Little North mountain are here shown to be inverted, 
presenting (at c) one of the phases of the prolonged fault, formerly 
alluded to. 

Section D, (Plate V.) This section crosses the chain from a 
point high up on the south fork of the Roanoke river, in Virginia, 
to the northwest base of the Peters’s mountain, near Union. Lying 
in the James river division of the chain, it exhibits the rather con- 
fused mixture of normal and inverted flexures and faults, for which 
that district is remarkable. On the southeast are seen the bold 
flexures of the strata of the lowest of the Appalachian formations, 
here of extraordinary thickness, and forming a lofty mountain range, 
while, immediately behind them, on the southeast, are seen the nu- 
merous foldings of the ancient metamorphic strata. A fault (at d) 
at the southeast base of the Fort Lewis mountain, shows Formation 
Il thrown over upon VIII. Some miles towards the northwest (at 
c) is the great fault of the Little North mountain, presenting Forma- 
tions II and X, in contact, the former being uppermost. Near the 
northwest termination of the section (at a) is seen the fault on the 
northwest side of the Sweet spring, or Peters’s mountain axis, here 
- showing the contact of For. Il with the upper part of For. VIII; 
the remainder of the latter, together with the other intervening 
formations, being lost. In this part of the section may be seen the 
rapid passage of the higher rocks, from inversion to verticality, and 
thence into a very gently undulating and horizontal position towards 
the northwest. 

Section E, (Plate V.) This section extends from the Poplar Camp 
mountain, in Virginia, near the mouth of Reed creek, in a north- 
northwest direction, to the commencement of the coal rocks, imme- 
diately northwest of Abb’s valley. Lying in the Holston division, 
in the southwestern part of Virginia, it traverses nearly all the 
great parallel lines of fault, for which that region is so remarkable. 
At its southeastern extremity we notice the lowest formation of the 
Appalachian system, bent over into an inverted position, and resting 
upon the next superior rock, the great lower limestone, (For. II.) 
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Steep normal, and also folded flexures, extend across the valley to 
the Cove mountain, at the southeast base of which we meet a line 
of fault (at d), bringing in contact Fors. II and VIII, with the usual 
inversion of the former. Beyond this, to the northwest, near the 
southeast base of Brushy ridge (at ¢), is the great dislocation re- 
ferred to on previous occasions, and which here brings together 
Fors. IJ and X. Still further towards the northwest, in the valley 
of Walker’s creek, on the northwest side of an inverted anticlinal 
axis of For. II, a similar fault occurs (at 6), with the same hiatus of 
the intervening formations. Beyond this, or northwest of the Wolf 
creek axis, we see (at a) an extension of the great fault previously 
described as running along the northwest side of the Sweet spring, 
or Peters’s mountain axis. A few miles further, we come upon the 
last, or most northwestern line belonging to this division of the 
chain. 


INCREASING INTERVAL BETWEEN THE AXES AS WE ADVANCE Nortu- 
WESTWARD. 


It is an interesting general fact, that the space between the axes, 
or more properly, the amplitude of the undulations, increases as we 
cross the chain northwestward. This is represented in the ideal 
section, and is equally apparent in the actual Sections which ac- 
company it, being strikingly visible in that (Section B) intended to 
illustrate the structure of the Juniata region. Although most dis- 
tinctly noticeable in the northwestern side of the belt, the gradation 
prevails equally in the middle and southeastern tracts, but in the 
latter the numerous minor flexures, with the interference of groups 
of different dimensions, prevents our at first perceiving the law in 
all its simplicity and exactness. Towards the southeastern side of 
the chain, the flexures become so numerous, and are so often folded 
or inverted, as, in most cases, to render the comparison of their dis- 
tances impracticable. Yet, even in this quarter, the general truth 
appears, in the diminished space between the foldings, as we cross 
the Great Valley, southeastward. Taking in the whole breadth of 
the chain, the prevalence of the rule is obvious, no matter by what 
Section we cross it. 


TuHrory OF THE FrexurE AND ELEVATION OF THE STRATA, 
FOUNDED ON THE PRECEDING PHENOMENA,—COMBINED UNDULA- 
TORY AND TANGENTIAL CHARACTER OF THE MOVEMENT. 


That the movement which produced the permanent flexures was 
compounded of a wave-like oscillation, and a tangential or horizontal 
pressure, both propagated northwestward across the disturbed belt, 
is plainly indicated by the oblique character of nearly all the anti- 
clinal and synclinal curves, both those which are closely folded, and 
those which are obtuse. This oblique inflection of the strata will, 
we confidently believe, be found to prevail as the regular form of 
all anticlinal axes in every part of the world. It appears to imply a 
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powerful tangential movement, always operating in the same di- 
rection for the same region, during the epoch of disturbance. A 
merely vertical force, exerted either simultaneously or successively, 
along a system of parallel lines, could only produce the same num- 
ber of symmetrical anticlinal arches, while again, a horizontal or 
tangential pressure, uncombined with an alternate upward and 
downward motion, at regular intervals, could not possibly result in 
a system of parallel folds, or axes, or lead to any change in the 
position of the strata, beyond an imperceptible bulging of the whole 
tract, or else a confused rumpling and dislocation, dependent on 
local inequalities in the thickness or resistance of the crust, in dif- 
ferent spots. 

That the wave-like flexures of our Appalachian strata are the re- 
sult of an actual onward billowy movement, proceeding from be- 
neath, and noé of a folding due simply to some great horizontal or 
lateral compression, will appear from the following considerations. 
In the first place, it is absolutely impossible to conceive, that any 
force, of an intensity however vast, exerted in the direction of a 
tangent to the earth’s surface, could by itself shove a thick and im- 
perfectly flexible crust into a system of close alternate folds. Be- 
yond the imperceptible bulging of the whole tract laterally from the 
line of application of the force, no flexure could arise, other, perhaps, 
than some diminutive, but irregudar plications, caused by inequalities 
in the strata or crust, and these, it is needless to remark, would. be 
destitute of any law of parallelism and gradation, such as that which 
strikingly characterizes the Appalachian and other regions. No 
system of narrow waves of the strata, however flat, could originate 
from the most enormous lateral pressure, if unaccompanied by some 
vertical oscillation, producing parallel lines of easy flexure. Pre- 
cisely such an alternate movement would ensue, if a succession of 
actual waves on the surface of the subterranean fluid rock rolled in 
a given direction beneath the bending crust. 

The inadequacy of the tangential or horizontal force, as a cause 
of the Appalachian axes, is still further obvious, when we consider, 
that no igneous rocks, of any sort, were thrust to the surface, ex- 
cept in the belt of country bordering this broad system of flexures 
on the southeast, and that, therefore, if the axes or foldings were 
produced solely by lateral pressure, the whole force must have been 
propagated from the lines, where the wedging in the igneous matter 
occurred in this southeastern region, to the remotest of the axes, 
through all the intervening folds. But, consistently with mechanical 
analogies, such a transmitted force, instead of producing the gentle 
gradation of flexure, which we behold, would have expended itself 
in merely compressing or crushing the contiguous tracts across a 
narrow belt, a little widened by a succession of these tangential 
actions. The narrow disturbed belt would abound in irregular con- 
tortions, and beyond it we should suddenly come to the strata in 
their original horizontality. 

That such would really be the effect of the el horizontal 
action, is clearly proved by the singularly undisturbed condition, al- 
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ready stated, of the strata immediately, and for some distance north- 
west of all our great lines of dislocation. Along these lines, the 
uniform inversion, and the crushed and contorted state of the higber 
rocks immediately northwest of the fracture, indicate plainly an 
enormous lateral thrust in that direction from the fault. Yet, even 
where the greatest energy of this force is manifested, the inversion 
or other disturbance extends only for a few hundred yards north- 
west of the fissure; while a little beyond, the horizontal posture of 
the rocks has been even less changed than in parts of the same re- 
gion, where no fault exists. 

Even granting, that such a force, transmitted to a great distance 
across the chain, were capable of bending the strata of the remoter 
tracts into gentler undulations, the flexures on their northwestern 
sides ought to be relatively still steeper than they are, for in that 
quarter the curves are almost symmetrical. On the other hand, this 
near approach to a symmetry of curvature in theremoter axes, is an 
obvious consequence of the greatly reduced force and size of the 
nearly exhausted waves. 

The widening of the interval between the axes, as we go to the 
northwest, is another general fact, which, while it finds a ready 
explanation in the hypothesis of a violent undulation of the strata, 
would seem to be wholly at variance with the operation of a 
gradual and prolonged pressure, exerted northwestward. Conceiy- 
ing the various degrees of inflection witnessed in different parts of 
the chain to have resulted from a long-continued pressure, we 
should be compelled to admit, that the southeastern side of the 
tract had had impressed upon it successively all the different grada- 
tions of flexure met with throughout the chain, and thus we should 
have to suppose, that the closely folded, crowded axes of the great 
valley were slowly developed by a force that in its earlier stages, 
produced everywhere only wide and gentle arches. Yet, if such 
was the case, why do we not recognize a yet more uniform or 
gradual transition in the dimensions of the axes, than our Sections 
show. If the steepness of the flexures measures thus their age, 
why, it may be asked, are those of the same group so various in this 
respect, while their intimate relations to each other, in respect to 
parallelism, gradation of distance and dip, plainly prove them to 
have a contemporaneous origin? If along period was consumed in 
their production, why did there not take place, by virtue of the 
simultaneous denudation and deposition which must have been in 
progress, a constantly unconformable superposition of the new de- 
posits, as the axes slowly rose above the level of the water. 

But, while the observed variety in the magnitude and steepness 
of the flexures thus makes it incumbent on the advocates of such a 
theory of the gradual formation of axes, to admit, that the folded 
and closely crowded ones have arisen out of broader and normal 
curves, the general tenor of their doctrine of progressive and cumu- 
lative actions, implies, that the short and narrow flexures were pro- 
duced first, and that some of them were enlarged into the vastly 
boider and longer axes, which abound in many parts of the same 
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region. This, however, seems an insuperable difficulty, since, if 
we suppose the breadth and length thus steadily to increase, a 
~great number of intervening flexures and foldings would be neces- 
sarily obliterated or reversed. 

But, quitting the theory of a gradual horizontal pressure, another 
hypothesis suggests itself, as likely, in the present stage of geologi- 
cal speculation to be offered in explanation of the structural laws we 
have described. It may be urged, that a prolonged upward ten- 
sion, or pressure exerted along a single line, might gradually create a 
broad and lofty anticlinal flexure, and might, by a mere shifting of 
the line, into positions always parallel to its first one, accomplish 
in time the elevation of all the axes of our Appalachian groups. 
Such a supposition would, doubtless, account for the simple features 
of asymmetrical flexure; but it would afford no clue to an ex- 
planation of those beautiful relations, which prevail between the 
form of the flexures and their position in the groups to which they 
appertain, or to the fact of their assemblage into groups; and these 
are among the most interesting general facts, which a theory of flex- 
ures is called upon to explain. How could a merely vertical force, 
applied to the interior surface of the crust, either along a narrow 
line, or over an elongated elliptical, narrow zone, produce that 
oblique form of the anticlinal arch, which we find to be its normal 
configuration; or how could it give rise to the regular horizontal 
bending of the azis-line, as seen in the curving districts of the chain. 
Again, in what way can it explain the occurrence of the great lines 
of fault only on the northwestern side of the axes, or the close 
oblique foldings, in all the southeastern side of the belt. But, 
apart from all these objections, on what principle or analogy are 
we entitled to assume, that the supposed successive shifting of the 
upward force would be in parallel lines? Should the elevation 
theory be modified so as to suppose the upward force to have been 
exerted simultaneously along the present anticlinal lines, but not 
in the manner of an undulation, the equally formidable difficulty 
arises of accounting for the production of any flexures; since, by 
the close contiguity of the parallel lines of upward pressure, the sole 
effect would be a nearly uniform diffused bulging of all that portion 
of the crust, upon which the tension was exercised. 


OF THE ORIGIN OF THE SUPPOSED SUBTERRANEAN UNDULATIONS, AND 
OF THE MANNER IN WHICH THE STRATA BECAME PERMANENTLY 
BENT AND DISLOCATED. 


The parallel flexures of the crust so strikingly exhibited in the 
‘Appalachian chain, and recognizable, we believe, in nearly all dis- 
turbed mountainous districts, we conceive to have originated in the 
following manner: We assume, that in every region, where a sys- 
tem of fiexures prevails, the crust previously rested on a widely ex- 
tended surface of fluid Java. Let it be supposed, that subterranean 
causes competent to produce the result, such, for example, as the 
accumulation of a vast body of elastic vapors and gases, subjected 
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the disturbed portion of the belt to an excessive upward tension, 
causing it to give way, at successive times, in a series of long par- 
allel rents. By the sudden and explosive escape of the gaseous 
matter, the prodigious pressure, previously exerted on the surface 
of the fluid within, being instantly withdrawn, this would rise along 
the whole line of fissure in the manner of an enormous billow, and 
suddenly lift it with the overlying flexible crust. Gravity, now 
operating on the disturbed lava mass, would engender a violent un- 
dulation of its whole contiguous surface, so that wave would suc- 
ceed wave in regular and parallel order, flattening and expanding 
as they advanced, and imparting a corresponding billowy motion to 
the overlying strata. Simultaneously with each epoch of oscillation, 
while the whole crust was thus thrown into parallel flexures, we 
suppose the undulating tract to have been shoved bodily forward, 
and secured in its new position by the permanent intrusion, into 
the rent and dislocated region behind, of the liquid matter injected 
by the same forces that gave origin to the waves. This forward 
thrust, operating upon the flexures formed by the waves, would 
steepen the advanced side of each wave precisely as the wind, act- 
ing on the billows of the ocean, forces forward their crests, and 
imparts a steeper slope to their leeward sides. A repetition of 
these forces, by augmenting the inclination on the front of every 
wave, would result, finally, in the folded structure, with inversion, 
in all the parts of the belt adjacent to the region of principal dis- 
turbance. Here, an increased amount of plication would be caused, 
not only by the superior violence of the forward horizontal force, 
but by the production in this district of many lesser groups of 
waves, interposed between the larger ones, and not endowed with 
sufficient momentum to reach the remoter sides of the belt. To this 
interpolation we attribute, in part, the crowded condition of the 
axes on the side of the undulated district, which borders the region 
where the rents and dykes occur, and to it we trace the far greater 
variety which there occurs in the size of the flexures. 

In the progress of this bending and folding of the stata, through- 
out the undulated district, the continual introduction and consolida- 
tion in the fissured district, of fresh materials from the liquid mass 
beneath, rising in intrusive dykes, and filling the wide interstices of 
the broken strata, would permanently retain the inflected’ crust in 
the new attitudes into which it had been forced, and compensate 
for the reduction of horizontal breadth arising from the flexures. 
Permanent axes might even be produced without the fracturing of 
the crust being in all cases apparent at the surface, since innumer- 
able fissures, of sufficient size to permit the sudden escape of an 
enormous quantity of elastic vapor, could temporarily form, and yet 
close again superficially, and still the strata be braced and retained 
in their flexured state by the dislodgement of fragments, and the 
intrusion and congelation of much lava matter in the lower parts of 
the rents. 

This theory agrees strikingly with the singularly undisturbed con- 
dition of the strata, northwest of our great lines of fault. When 
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describing, under a preceding head, some of these enormous dislo- 
cations, especially those of southwestern Virginia, an account was 
given of the gradual transition of structure, from the normal to the 
folded or inverted form, and thence, to a successive ingulfing of cer- 
tain groups of strata, into a line of fault, presenting sometimes, for 
the distance of seventy miles, an actual inversion of the lower Ap- 
palachian limestone or slate, upon either the carboniferous limestone 
or the next inferior group. The commencement in all cases of these 
faults, in the steeply folded synclinal part of the flexure, immedi- 
ately on the northwest of the finally inverted anticlinal curve, would 
seem to prove conclusively, that the fracture has been due to a pro- 
found folding in and inversion of the rocks, carried to the extent of 
producing an actual snapping asunder of the beds where most in- 
curved, followed by a squeezing downward of the opposite side of 
the trough, by the horizontal northwestward thrust of the anticlinal 
portion, causing the lower strata of the latter to lie directly upon 
geologically higher groups. The enormous mass of rocky material, 
thus forcibly pressed down and firmly held there, would, we con- 
ceive, constitute a vast subterranean barrier or dam, capable of ar- 
resting, in some degree, the progress of the succeeding waves, and 
of protecting the region for a moderate distance, towards the north- 
west, or the leeward side of the fault, from the undulations to which 
it would otherwise have been exposed. In confirmation of this view, 
it may be stated, that in tracing a line of dislocation toward either 
extremity, while the extent of strata thrust down, as indicated 
by the amount of the hiatus at the fault, is inferred to grow 
progressively less and less, or, what is the same thing, the. sup- 
posed subterranean dam, presumed to diminish in depth, the region 
behind it, on the northwest, becomes more and more undulated, 
until, when we pass beyond the extremity of the fault, to where 
the normal form of the flexure is restored, we find the strata to 
the northwest reared into bold anticlinal and synclinal curves. 
Such is remarkably the fact with the fault at the northwest base 
of the Peters’s and East river mountain, in Virginia, as well as 
with that which lies parailel to, and southeast of, the Cumberland 
mountain; and in a word, with all the faults and crushed axes 
of great length throughout Virginia, Pennsylvania, and Tennessee. 
Even where two such lines of dislocation occur, parallel to each 
other, at an interval of not more than eight or ten miles, the cen- 
tral parts of the intervening tract exhibit unusually little disturb- 
ance, notwithstanding their proximity to the lines of violent dis- 
ruption on each side. 

The assumed combination of the wave-like oscillation, and hori- 
zontal or tangential movement, will explain, we believe, all those 
general structural phenomena, which we have described as charac- 
terizing our Appalachian chain in all its length and breadth, and 
which obviously exist in many other mountain chains possessing 
numerous axes. It will account for all the varieties of flexure, nor- 
mal, inverted, or dislocated, which are any where observable in the 
chain, since a mere difference in the ratio of the tangential to the 
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undulatory movement, would produce every grade and form of in- 
flection we have had to record. 

The theory explains, moreover, the remarkable law of diminish- 
ing steepness in the flexures, as we cross the whole belt northwest- 
ward from the region of intrusive veins and dykes, which has evi- 
dently been the quarter of extensive and violent actual disruptions 
of the crust. It moreover affords a reason for the striking parallel- 
ism which prevails between the axes in every division of the chain, 
and the veins and dykes in the corresponding tracts to the south- 
east. In this rent and dislocated zone of country, beginning with 
the chain of the Blue ridge, the incalculably numerous and greatly 
extended dykes and veins that everywhere penetrate and fill the 
altered and hypogene rocks, comprise, we believe, an ample quan- 
tity of inwedged material, to balance the horizontal contraction of 
the whole plicated chain. 

The mere fact of a regular gradation in the amount of flexure, is 
of itself a proof, that the axes thus related had a common source, 
while the direction of this gradation, clearly establishes, that the 
southeast was the quarter from whence the movement pro- 
ceeded. . 

The views here entertained of the nature of the elevating action, 
afford a satisfactory cause for the arrangement of the axes in groups, 
since we have merely to imagine successive sets of pulsations of 
varying magnitude and momentum, to have followed each other in 
the same general period of disturbance, and we are supplied with a 
cause sufficient to produce all the diversity which we behold in the 
distances and directions of the flexures. The almost exact parallel- 
ism of these in each group, and the general parallelism of all that 
enter into the same division of the chain, are the necessary results 
of that wave-like movement in which we conceive the axes to have 
originated; and we confess ourselves at a loss to imagine how any 
other action, but an undulation of the crust, propagated in parallel 
lines, either straight or curving, could give rise to this extraordin- 
+H feature in these enormously extended anticlinal and synclinal 
ines. 

The curious facts connected with the curving form of the axes, 
in certain districts, are likewise well accounted for by the hypothe- 
sis. Of those divisions where they are convex to the northwest, and 
where the curvature is generally so regular, we have merely to sup- 
pose that the disturbance began with the production of the axes of 
each adjoining division, that these terminated towards each other in 
an obtuse angle, but did not meet, and that, in the angle between them, 
there was afterwards formed another intermediate belt of undulations. 
The extremities of these last waves, encountering the flexures already 
formed in the adjoining straight belts, would be obstructed and re- 
tarded in their progress northwestward; but the middle portion of 
each billow, moving in a tract as yet free from permanent axes, 
would meet with less impediment, and advance with a higher veloci- 
ty, so as, to impart to the whole of each axis a curvilinear form. It 
appears, moreover, highly probable, that the fractures of the crust 
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in the dislocated district in the southeast, would themselves be more 
or less curvilinear in the vicinity of previously formed rents ap- 
proaching each other at an obtuse angle, and thus a tendency to that 
shape might be primarily impressed on all the undulations taking 
their origin in a region so circumstanced. 

On the other hand, in those sections of the chain where the axes 
have a concave curvature northwestward, and where there usually 
exists less regularity in their sweep than in the convex groups, we 
may imagine that the lines of elevation of the two adjacent straight 
belts, terminating nearer and nearer to each other, as the axes re- 
ceded towards the northwest, would soon mutually interfere, and 
the undulations originating at the southeast, in the space opposite 
the angle, would find their progress northwestward more and more 
impeded, as they advanced through the narrowing area between the 
ends of the flexures previously formed. By unequal and multiplied 
obstructions thus occasioned, the regularity of the axes in the inter- 
mediate division would be greatly impaired. 

There is a curious arrangement in échellon, which we notice in 
many of the groups of axes of the Delaware river or New Jersey 
division, where, though individually nearly straight, they change 
their strike more and more to the north as we advance northeast- 
ward. This admits of a simple explanation, if we merely suppose a 
portion of the flexures in the next straight belt on the southwest 
to have been first produced, and these to have been followed by those 
on the northeast, which occupy New Jersey and the contiguous dis- 
tricts of New York, the undulations starting as usual from the south- 
east. The latter, originating last, with a more northern strike, would 
converge upon the former as the waves advance northwestward, and 
coming in contact with the eastern extremities of the previous flex- 
ures, would encounter a retardation at their southwestern ends, 
while their remote or northeastern extremities would be free to 
advance with their whole velocity. The natural tendency of this 
species of resistance, would be to break the retarded wave, and to 
give the northeastern portions a more northerly strike. The whole 
movement may be likened to the march of a platoon of soldiers in 
what is called a right oblique order, wherein the advanced files 
slightly wheel upon the left. 

The hypothesis we have advanced, seems also to explain the im- 
portant fact, that the whole undulated surface, estimated by the 
average change of level of any given stratum traced across the chain, 
rises in a regularly inclined plane southeastward, or towards the 
quarter where we find, by other evidence, that the uplifting and un- 
dulating action was most powerful. This circumstance, of a pro- 
gressive rise of the whole belt towards the side which anciently lay 
near the shore of the Appalachian ocean, accords entirely with the 
belief, that under the now rent and dislocated margin of the chain, 
there was a vast accumulation of fluid rock, charged with com- 
pressed gaseous matter, which exerted on the crust an enormous 
disrupting tension. 
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On THE IDENIITY oF THE UNDULATIONS WHICH PRODUCED THE 
AXES, WITH THE WAVE-LIKE Morion or THE Eartu IN EARTH- 
QUAKES. 


That the undulatory movements which we suppose to have been 
the primary cause of our Appalachian axes, and generally of all 
other parallel flexures, were strictly analogous to well-known phe- 
nomena of the present day, is apparent, when we examine the na- 
ture of that tremendous agitation of the crust, which we call an 
earthquake. <A wave-like undulation of the ground is of such com- 
mon occurrence during great earthquakes, that we are inclined to 
consider it their essential condition. On this subject, we possess the 
concurrent testimony of the best observers and historians of these 
events, particularly Michell, Dolomieu, Lyell, and Darwin. Michell, 
writing on the subject of ‘‘The Cause and Phenomena of Earth- 
quakes,” in the Philosophical Transactions for 1760, says, that the 
motion of the earth is partly tremulous, and partly propagated by 
waves, which succeed one another at larger and smaller distances, 
the undulation extending much further than the tremor. At Ja- 
maica, in 1687-8, a gentleman saw the ground rise, like the sea, in 
a wave, as the earthquake passed along, and he could distinguish 
the effects for some miles, by the waving of the tree-tops on the 
hills. The same was witnessed in New England, November 18th, 
1755. The wave-like motion of the great Lisbon earthquake, which 
happened on the Ist of November, 1755, was perceived by the mo- 
tion of water, and the hanging brauches in churches through all 
Germany, among the Alps, in Denmark, Sweden, Norway, and all 
over the British islands. This tremendous movement even reached 
the West Indies, a distance from the seat of principal violence, of 
nearly three thousand miles. A comparison of the times at which 
the first shock was felt at Lisbon and at other places, shows the un- 
dulation to have travelled at the rate of more than twenty miles per 
minute. 

Dolomieu, in his dissertation on the great Calabrian earthquake, 
states, according to Mr. Lyell, that ‘“‘the surface of the country 
often heaved liked the billows of a swelling sea, which produced a 
swimming in the head like sea-sickness,”’ and he further mentions 
as ‘‘a well-known fact, that the trees sometimes bent during the 
shocks to the earth, and touched it with their tops.”’* This rocking 
motion of the surface was likewise experienced by Darwin, in South 
America, who states, on the authority of Acasto, that the earth- 
quakes of that country extend three hundred, six hundred, nine 
hundred, and some of them even one thousand five hundred miles 
along the coast.t 

That this motion is of the nature of an actual billowy oscillation 
of the crust, is likewise plainly indicated by the attendant phenom- 
ena, especially by the uniformity in the direction which the earth- 
quake takes, and by the opening of great chasms and fissures in the 


* See Lyell’s Principles, Boston edition, vol. ii., p. 330. 
+ See a paper by Darwin, in Transactions of Geological Society of London. 


633 


ground, parallel to each other, and perpendicular to the course of 
the shock or undulation. Thus it is recorded, that during the earth- 
quake that shook the valley of the Mississippi, in 1811, the inhabit- 
ants felt the earth rise in great undulations, and that the ground 
opened in numerous parallel fissures, having a direction from north- 
east to southwest. This close correspondence between the direc- 
tion of the cracks, and that which invariably characterizes our 
Appalachian axes or faults, is a remarkable circumstance, that well 
demands the attention of geologists. It lends a further probability 
to our hypothesis, which merely imagines a very much more ener- 
getic series of undulations to have occurred during the elevation of 
all this part of the continent. There is reason to think that this 
agreement in the direction of the forces at periods so remote, is not 
merely casual; for it appears, from a statement of Michell, that of 
five considerable earthquakes, felt in New England before his time, 
three are known to have come from the northwest, and the other 
two are supposed to have had the same direction. Recent observa- 
tions in Scotland indicate that the earthquake which was there felt 
in October, 1839, consisted of undulations moving from northwest to 
southeast, or in a direction perpendicular to the strike of all the 
older axes of that country. 

Of the manner in which the wave-like movements in earthquakes 
may be supposed to originate, Michell suggests, that large tracts of 
country may rest on fluid lava, which, when disturbed, may transmit 
its motion through the overlying crust; but he offers the following 
as the explanation of the mode in which the undulations may take 
place: “Suppose a large cloth, or a carpet, spread upon a floor, to 
be raised at one edge, and then suddenly brought down again to the 
floor; the air under it being by this means propelled, will pass along, 
till it escapes at the opposite side, raising the cloth in a wave all the 
way as it goes. In like manner, a large quantity of vapor may be 
conceived to raise the earth in a wave, as it passes along between 
the strata, which it may easily separate in a horizontal direction, 
there being little or no cohesion between one stratum and another. 
The part of the earth that is first raised, being bent from its natural 
form, will endeavor to restore itself by its elasticity, and the parts 
next to it being left to have their weight supported by the vapor 
which will insinuate itself under them, will be raised in their turn, 
till it either finds some vent, or is again condensed by the cold into 
water, and by that means prevented from proceeding any further.” * 

Now we conceive that there is a simpler view of the origin of 
the undulation, and one which is more in accordance with sound 
dynamical considerations, and with all the recorded observations 
upon earthquakes. In place of supposing it possible for a body of 
vapor or gaseous matter to pass horizontally between the strata, 
or even between the crust and the fluid Java upon which it floats, 
and with which it must be closely entangled, we are inclined to at- 
tribute the movement to an actual pulsation engendered in the molt- 


* Michell, Phil. Transactions, 1760. 
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en matter itself, by a linear disruption under enormons tension, 
giving vent, explosively, to elastic vapors, escaping either to the 
surface, or into cavernous spaces beneath. According to this sup- 
position, the movement of the subterranean vapors would be to- 
wards, and not from the disrupted belt, and the oscillation of the 
crust would originate in the tremendous and sudden disturbance of 
the previous pressure on the surface of the lava mass below, brought 
about by the instantaneous and violent rending of the overlying 
strata. 

It has been denied by some—and the objection seems to be ac- 
ceded to by Mr. Lyell—that the so-called wave-like motion of the 
surface in earthquakes, has ‘‘ any strict analogy with the undulations 
of a fluid.” On the other hand, it has been suggested, that a vi- 
bratory jar may be produced at a considerable depth, by a sudden 
fracture of the solid crust, ‘‘ and that the vibrations may be propagated 
upward through a mass of rock, even several miles thick. The first 
vibration which reaches the surface will lift the soil, and then allow 
it to sink again; immediately after which another, which may have 
radiated from the same deep-seated point, may arrive at a contigu- 
ous spot on the surface, and cause a similar rise and fall, and so 
others in succession, giving rise to a progressive motion of the 
ground, very similar in appearance to a wave of the sea.” * 

To the suggestion of a propagated vibrating jar being the cause 
of the rocking of the surface, we will reply by simply referring to 
all the authentic accounts of earthquakes, in which the regularly 
progressive march of the billowy undulation is so frequently de- 
scribed by eye-witnesses, and likewise to the statements of Michell, 
who gives, from abundant data, the very rate of the passage of the 
great Lisbon earthquake, across an area exceeding three thousand 
miles in breadth. As regards the other supposed difficulty, that the 
radius of each superficial curvature must be very small, we contend 
that this is by no means a necessary inference from the phenomena, 
since if we take into consideration the prodigiously high velocity 
with which earthquakes seem to move, we find a reason at once, why 
tall objects, like trees, may rock from side to side with a rapid os- 
cillation, while the wave which disturbs them may possess an enor- 
mous breadth. A low and broad wave, if moving slowly, would 
only tilt the objects under which it might pass, into attitudes per- 
pendicular to its gentle slopes, but the lowest and broadest billow, 
passing with the amazing speed of the Lisbon earthquake, might, 
by suddenly shoving the foundations or pedestals of objects from 
beneath them, and as suddenly pushing them in the opposite direc- 
tion, cause them to swing rapidly through ares of almost any extent. 

While the evidence, therefore, seerns ample, of the existence of a 
wave-like motion of the earth’s surface during earthquakes, facts are 
not wanting which indicate the recent production, from this cause, 
of permanent anticlinal axes. Thus we find, in Darwin’s Journal 
of Travels in South America, the following interesting statement: 


* Lyell’s Principles, Boston edition, vol. II. 
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Mr. Gill, an engineer, mentioned to that intelligent traveller, that 
following up the bed of a stream, strewed with sand and gravel, 
and showing in one place, a channel in the solid rock about forty 
yards wide and eight feet deep, he found himself suddenly going 
dewn hill, the whole descent amounting to forty or fifty feet of 
change of level. Here there was a decided arching of the surface, 
by which the river had been displaced from its ancient valley. Oc- 
curring in Chili, in a country so frequently visited by earthquakes, 
there can be little doubt as to the origin of this local anticlinal 
flexure in the earth’s crust. 

We are inclined to regard the Ullah Bund as another example 
of an anticlinal axis formed in modern times by an earthquake. 
According to the description and map furnished by Mr. Lyell, in 
his admirable account of earthquakes contained in his Principles, 
this is a long elevated mound, extending from east to west across 
the eastern arm of the Indus, near the fort and village of Sindree. 
It is upwards of fifty miles in length, and runs parallel to a line of 
subsidence, along which the previously low and perfectly level plain 
around Sindree became permanently flooded. It is conjectured to 
be, in some parts, sixteen miles in width, and to have a height above 
the original level of the delta, of ten feet, which it seems to preserve 
very uniformly. 


Or tur Date oF THE APPALACHIAN AXES. 


It has been stated already, that, excepting in one or two locali- 
ties, the Appalachian formations constitute an unbroken succession 
of conforming strata, from the lowest members of the system, which 
repose immediately on the primary or metamorphic rocks, to the 
highest of the carboniferous strata. We must therefore conclude, 
that the elevatory actions, which lifted the entire chain above the 
level of the ancient sea, and impressed upon it those symmetrical 
features of structure which we have described, could not have be- 
gun, at least with any degree ot intensity, until the completion of 
the carboniferous formation. That the principal movement imme- 
diately succeeded the termination of this period of gradual opera- 
tions, or more properly arrested the further progress of the coal- 
formation, is, we think, clearly proved, by the fact, that nowhere do 
we meet with any strata, referable to the next succeeding or new 
red sandstone period, overlying the highest rocks appertaining to 
the coal; and it can scarcely be supposed, that throughout so vast 
an area, embracing several enormous basins, in which the upper car- 
boniferous rocks have been preserved, all traces of that newer 
group, if deposited, should have been so entirely swept away, as not 
to have left its fragments even in any part of the wide tracts over 
which the coal-rocks are spread. An additional reason for believ- 
ing that the elevation and flexure of the strata did not take place as 
late as the era of the new red sandstone, is to be found in the re- 
markably undisturbed manner in which a set of rocks of the age, 
approximately at least, of the European new red group, rest uncon- 
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formably on the axes which traverse the Appalachian formations. 
All the geological relations of these overlying rocks, occupying a 
very prolonged belt to the southeast of all the carboniferous strata, 
but especially those of their organic remains, would seem to ally 
them closely to the new red sandstone group of Europe, and pro® 
ably to its newest division. Extending almost continuously in a 
narrow belt from the valley of the Connecticut, to beyond the 
southern boundary of Virginia, these strata neither contain any 
axes of elevation, nor do they exhibit even a conformity of strike 
with the neighbouring Appalachian and metamorphic rocks; and, 
although they repose, throughout a great part of the belt, immedi- 
ately on the folded and inverted older strata, they furnish not the 
slightest indication of having been disturbed by the movements 
which produced the numerous axes beneath. We may hence confi- 
dently infer, that the great undulations which elevated those older 
formations, from the metamorphic to the carboniferous rocks inclu- 
sively, were antecedent to the deposition of these newer beds, and 
therefore that the age of the axes has been correctly determined to 
be antecedent to the commencement of the new red sandstone 
period. 

That few or none of the principal Appalachian axes originated 
before the last of the coal strata were deposited, is demonstrably 
proved by the almost universal conformity or parallelism of all the 
strata. It is only necessary to consult the several sections appended 
to this paper, to recognize the important fact, that from the earliest 
to the latest of these Paleozoic rocks, extending probably some- 
what further back than the Silurian formations of Europe,* and 
terminating with the last layers of the coal, no permanent flexures 
or other disturbances of the crust occurred, to interrupt this 
continuous and amazingly prolonged succession of parallel de- ~ 
posits, 

In thus confining the era ot the principal movement which ele- 
vated the Appalachian chain to a comparatively short period, at the 
very close of the carboniferous formation, we are far from implying 
that a few local elevations, and many minor oscillations of the surface, 
unattended by permanent flexures, did not occur previously to this 
final, and beyond all comparison, most energetic effort of the subter- 
ranean forces. The unconformable superposition locally, of the Hel- 
derberg strata, upon the Hudson river slates, in the vicinity of the 
town of Hudson, is a sufficient evidence that even at an early period 
in the history of the Appalachian formations, this part of the region 
was disturbed by a considerable movement of the strata already de- 
posited; and there are indications that similar agitations of the Ap- 
palachian territory, but to a much feebler extent, were experienced 
at the same and at other periods, during the progress of these for- 
mations. But, with thé single local exception spoken of, none of 
these disturbances appear to have interrupted, however partially, 


* See a paper by Conrad, in Journal Academy of Natural Science, vol. 8, 
part 21. ; 
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the perfect general conformity of the strata throughout the whole 
Appalachian system. The occurrence of feeble movements, from 
time to time, in the earlier ages of the long Appalachian period, is 
clearly proved by the presence of fragments of older strata, en- 
closed in the next succeeding beds, and also by the coarseness of the 
materials of which some of the formations largely consist. The 
phenomena of the coal-measures, at the same time, go to show, as 
one of us has attempted to argue in another paper, that these move- 
ments continued to incréase in frequency and power as the Appa- 
lachian period drew near its termination; the entire coal-formation 
being the result of alternate quiet accumulations, and sudden parox- 
ysmal movements, terminating in that stupendous train of actions, 
which lifted the whole Appalachian chain from the bed of the 
ancient sea. 

The obvious agreement in point of date, between this, which 
was incomparably the most energetic and extensive change in the 
physical structure of North America, and the wide-spread revolu- 
tion, which raised the European coal strata from the aqueous bed 
in which they were deposited, is a result of the highest interest in 
the comparative geology of the two‘continents. It would seem 
that the movement which produced so general and sudden a cessa- 
tion to the progress of the coal strata, led to grander changes in the 
earth’s surface than any disturbance since. Those displacements of 
land and sea, which severally terminated the Silurian and Devonian 
systems in Northern Europe, great as they truly appear, were, after 
all, but local events; not extending, except in their indirect conse- 
quences, to the distant Appalachian shores, and, it would seem, 
hardly to the oceanic tracts of the European basin in Russia. Over 
how wide a limit these movements were decidedly influential in the 
organic world, must soon become a problem of the highest interest 
to our science. 


ANALOGOUS PHENOMENA OF AXES IN oTUIIER COUNTRIES. 


A perception of the important and novel bearings of the curious 
laws of structure here described, upon many points in geological 
dynamics, has led us to examine, with deep interest, the valuable and 
accurate labors of Fitton, Martin, De la Beche, Dumont, Murchison, 
Sedgwick, Weaver, Hopkins, and other eminent European geolo- 
gists, in the expectation of finding in the phenomena they describe, 
evidences of analogous laws. 

While studying, with this view, such memoirs, sections, and 
maps as were within our reach, we have enjoyed no small gratifica- 
tion in discovering, what we consider numerous striking proofs of 
the prevalence of similar structural features in some of the most 
interesting geological regions in Great Britain and on the con- 
tinent. 

Among these we would first mention the peculiarly interesting 
districts of Wales, to which the admirable reseaches of Messrs. 
Sedgwick and Murchison have, of late years, imparted so high a ge- 
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ological importance. In the beautiful and elaborate work of the 
latter geologist, the publication of which forms one of the great 
eras In geological science, we think we discern very distinct proofs 
that the Cambrian and Silurian axes of Wales possess similar struc- 
tural features with those of our Appalachian chain. While the 
older strata of the Berwyn mountains, as described by Mr. Murchi- 
son (Silurian System), would seem, by their altered character, and 
frequently inverted dips, to mark a close proximity to one of the 
great lines of disturbance of the district, that lying towards the 
northwest, from which has been propagated a combined uplifting 
and tangential force; the contour of the undulations, lying more 
towards the southeast, when unaffected by faults or local disrupting 
action, exhibits a general conformity to our law of a steepening 
flexure, on the side towards which the movement has proceeded. 
As illustrations of this law, we would beg to refer the reader to a 
few of the beautiful sectioas appended to Mr. Murchison’s work on 
the Silurian System. 

First. Plate 31, fig. 5. Section across the Ludlow and Brecon 
anticlinal, exposing the valley of elevation of Wigmore lake. 

Second. Plate 34, fig. 3. This exhibits, to the northwest, the 
lower Silurian on end, for some distance from its contact with the 
Cambrian, after which it passes by a bold sigmoid flexure, in which 
the southeast dips are very steep, beneath the upper Silurian. 

Third. Plate 34, fig. 7. Shows, on the northwest, inverted flex- 
ures or foldings, in the Llandeilo flags, then steep southeast dipping 
Caradoc sandstone, and following this, the Upper Siluriam and the 
Old red, with gradually diminishing dips. Fig. 8, of the same plate, 
presents analogous phenomena, though they are less distinct. 

Fourth. Plate 34, fig. 9. Displays an inverted and folded flex- 
ure, succeeded by steep southeast. dips, in the flagstones of the 
Cambrian, following which are two normal arches in the lower 
Silurian. ; 

To these Sections may be added the Vignette, page 359, present- 
ing an axis in the Cambrian rocks of Caermarthenshire. 

In the eastern portion of this district, bordering the Malvern 
hills, the flexures would appear to be related, according to the same 
law, to the great line of elevating action, extending in a north and 
south direction through that region. The steeper sides of the arches 
are now towards the west, and the lower rocks are often overturned, 
so as to dip towards the east, thus exhibiting a direction of flexure, 
nearly opposite to that of the strata near the Berwyn chain. 

As examples of these phenomena, we would refer to Plate 36, 
fig. 8, presenting a transverse section of the Malvern and Sedbury 
hills, and figs. 9, 9b, 10, of the same plate, exhibiting the structure 
of the Woolhope axis. 

The same general structural features, will, we confidently be- 
lieve, be found to prevail in the perplexing stratification of those 
parts of Devonshire and Cornwall, which, of late years, have drawn 
out much earnest theoretical discussion among British geologists. 
An inspection of the sections accompanying Sir H. De la Beche’s 
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elaborate Report, those, for example, from Combe-martin to Bolt- 
hill, and from Linton to Bideford, and a careful examination of the 
descriptions of this region, given by him in that work, and by 
Messrs. Sedgwick and Murchison, in their very able memoir ‘* On 
the Physical Structure and older Deposits of Devonshire,’ induces 
us to venture the prediction, that, throughout the region to which 
they refer, the phenomenon of folded axes will be found of very 
extensive occurrence, and that this folding and inversion, together 
with the general law of steepening flexure in a particular direction, 
will explain the frequent repetitions of certain groups of strata, and 
assist in removing much of the obscurity that still hangs round the 
intricate geology of some parts of that district. 

Similar indications are, we think, presented in the structure of 
the southern and southeastern parts of Ireland, as described by 
Weaver, Griffith, Hamilton, and Austin. Among these may be in- 
stanced the great predominance of southern dips, those to the north 
being only occasional and of short continuance; a result, in our 
view, naturally arising from a succession of folded and steeply nor- 
mal flexures, due to a pulsatory movement propagated from the 
south. The evidences of such foldings and inversions are, we 
think, quite observable, in the account given by Mr. Weaver, of the 
parallel bands and patches, in échellon, of the older limestones, 
while the steepened dip, and extensive folding and inversion among 
the higher rocks, resulting from the same forces, are strongly im- 
plied in the section given by the same author, through the Dromagh 
coal-field.* Similar phenomena would seem to be referred to, also, 
by Mr. Austin, when in speaking of the neighborhood of Water- 
ford, he ascribes the numerous contortions of schistose rocks, con- 
sidered by him as being of the age of the Silurian, to eacessive 
lateral pressure.t 

From the delineations and descriptions of the structure of the 
Alps, and more particularly of the Jura, which we have met with, 
we are led to believe that precisely similar structural features pre- 
vail in those disturbed chains. The various sections, illustrative of 
M. Thurman’s work, “ Essai sur les Soulévements Jurassiques,” may 
be appealed to as furnishing conclusive proof, that the axis planes of 
the numerous parallel anticlinal and synclinal axes of the Jura, are 
in every case oblique, and that they dip, in a great majority of in- 
stances, south-southeast, or towards the Alps. 

Belgium, and the Rhenish provinces, seem to exhibit features of 
structure strikingly analogous to those of our Appalachian chain; 
and we think we do not go too far, when we affirm, that in those 
“ extraordinary derangements and disturbances,” and those * almost 
incredible phenomena of dislocation, contortion, and inversion,” re- 
ferred to by Dr. Buckland, as having been so ably elucidated by 
M. Dumont, we clearly recognize some of the general laws described 


* See Memoir on the Geological Relations of the South of Ireland, by 
Thos. Weaver, Esq. Trans. Geol. Soc, Lond., 2d Series, vol. V. 
+ See proceedings of the Geol. Soc., London, No. 74. 
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in this paper, and made familiar by our researches in the Appa- 
lachian belt. On this head we would refer to the observations of 
Messrs. Murchison and Sedgwick, contained in their memoir ‘On 
the Classification and Distribution of the Older Rocks of Germany,” 
of which an abstract is published in the Proceedings of the Geologi- 
cal Society of London. These distinguished geologists, when speak- 
ing of the groups of strata beneath the lower Westphalian limestone, 
thus describe the structure of the region northwest of the chain 
of the Taunus. ‘“ For many miles south of the undisturbed range of 
the lower Westphalia limestone, the prevailing dip is about north- 
northwest; the country round Seigen is regarded as a kind of dome 
of elevation, composed of the lower part of this series; for, still 
further south, the dip is reversed to the south-southeast, and in a 
traverse from Seigen to the Taunus, across the strike, (a distance 
of about fifty miles), the same dip is continued, with very few in- 
terruptions. Considering their high inclination, this fact seems to 
give an almost incredible thickness to the deposits in question. But 
the vertical sections do not give the order of superposition, for at 
Dillenburg, and on the Lahn, two great Devonian troughs are brought 
in among the older strata, without any general change of dip; and 
if we accepted the vertical sections as the sole proofs of superpo- 
sition, we must place the Devonian, and a part of the carboniferous 
series, under the chain of the Taunus.” 

If we are correct in our interpretation of the phenomena here 
described, they present an instance of structure which is of frequent 
occurrence in the Appalachian belt, where the rocks of the south- 
eastern portion of a synclinal flexure, are folded over into south- 
eastern or inverted dips, or where the axis-pianes of both anticlinal 
and synclinal flexures are inclined very obliquely to the horizon, 
dipping in parallel directions to the southeast. The chain of the 
Hundsruck, and its continuation, the Taunus, of which they regard 
the Quartzite and Chlorite slates as “* but altered forms of a great 
Silurian group, under the Eifel limestone,” would thus appear to 
occupy a similar position to that of some of the ridges on the south- 
eastern margin of the Appalachian region, where we meet with very 
similar phenomena of alteration, accompanied by a large amount of 
intrusive matter, and adjacent to this, on the northwest, many in- 
versions and foldings of the strata. Including, in one view, the por- 
tions of Belgium, the Rhenish provinces, the Westphalian coal-field, 
and the Hundsruck, Taunus, and Hartz ranges, described by those 
geologists as displaying an extended series of Cambrian, Silurian, 
and Devonian strata, we are strongly of opinion, that the relations 
of dip which they present, will be found reducible, in great part, 
to the laws of structure we have endeavored to develope, and fairly 
referable to a similar undulatory movement directed towards the 
northwest. 

From the observations of Dr. Fitton, on the structure of the 
Wealden and associated formations, as detailed in his admirable 
memoir on the Strata below the Chalk, and likewise from the more 
recent investigations, in the same region, by Mr. Hopkins, of which 
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a summary is to be seen in the proceedings of the Geological Soci- 
ety of London, for 1841, it would appear, that in the districts of 
the Wealden and Bas Boulonnais, the numerous axes observe a 
curved form, and are nevertheless parallel to one another. Mr. 
Hopkins, after describing several of these flexures, states, that ‘all 
these lines preserve a remarkable parallelism with each other, and 
with the curved central axis of the district.” It would further appear, 
from the observations of these distinguished geologists, unless we 
have given an erroneous interpretation to their sections and de- 
scriptions, that a great number, if not all of these axes, present a 
much steeper dip on one side than on the other, and that this 
stronger inflection generally occurs on the same, to wit, the northern 
side. Speaking of the line from Farnham to Seven-oaks, Mr. Hop- 
kins uses these words: “ It is a line of flexure,* with a great dip to 
the north, but without the corresponding dip to the south, neces- 
sary to form an anticlinal arrangement, except in one or two lo- 
calities. Towards the west, it runs immediately at the foot of the 
Hogsback, with a dip, which, near its western extremity, amounts 
to seventy or eighty degrees.” ‘‘Tracing it towards the east,” 
he adds, that, *“‘at some points the line assumes a distinct anticlinal 
character.” 

Dr. Fitton, in describing the interior of Kent (page 134 and 135), 
gives several drawings of sections of this or an adjoining axis, in all 
of which the predominance of the dip on the northern side is dis- 
tinctly marked. Alluding to one of these sections, he says: ‘‘ Both 
sides of the saddle are visible within a few paces; the beds on the 
north rising at an angle of about sixty degrees, while on the south, 
they decline at an angle of forty-five degrees.” As illustrating the 
same law, we would more particularly refer to the following colored 
sections appended to Dr. Fitton’s memoir: 

First. The section across the Weald, from the South Downs, 
Western Sussex, to the Surrey hills. In this, the dip, on the northern 
side of the great axis, is represented as slightly greater than on the 
southern side. 

Second. The two combined sections, along the southeastern and 
southwestern coasts of the Isle of Wight. The axis traversing this 
island, and continued to Purbeck, is represented on the map accom- 
panying the memoir of Dr. F., as parallel with that of the Weald. 
The sections referred to cross this axis, and exhibit a much greater 
steepness of dip on the northern than on the southern side. 

Third. The three sections across the vale of Wardour, trans- 
verse to the axis of that region. In all of these, the preponderance 
of dip on the northern side is very great. 

This series of curved or undulating axes, which are, in the main, 
parallel to each other, would thus appear to manifest laws of 


* By the term fiexure, as explained by the phrase one-sided saddles, used 
in the same connection, we infer the author to mean, what we denominate o0)- 
lique flecures, while he restricts the term anticlinal, to those bendings which 
give, approximately, equal dips on the opposite sides, 
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structure, strictly analogous to those of our Appalachian region ; 
and they serve still further to confirm us in our belief of the preva- 
lence of similar features, among the flexures, in all regions of ex- 
tensive disturbance, as well as to increase our reliance on the just- 
ness of the theoretical views by which we have attempted to ex- 
plain them. 

In conclusion, we would express our belief, founded on the 
phenomena referred to in this memoir, and on numerous similar 
geological facts, of recent as well as ancient date, which cannot be 
mentioned in this place, that all great paroxysmal actions, from the 
earliest epochs, to the present time, have been accompanied by a 
wave-like motion of the earth’s crust. 
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On tHE AGE or THE CoAt Rocks or EAstern VIRGINIA. 


From TRANSACTIONS OF THE ASSOCIATION OF AMERICAN GEOLOGISTS AND NATURALISTS, 
1840-1842. 


Tue formation here referred to, overspreads parts of Chesterfield, 
Powhatan, Amelia, Henrico, Hanover, and Goochland counties, ly- 
ing in basins of granite and gneiss, the principal coal seams being 
separated by only a few feet, and sometimes by but a few inches, 
of carbonaceous shale from the floor of primary rock. In some 
places near the eastern margin of the field, where it has been most 
extensively explored, the thickness of this group of strata is about 
eight hundred feet, but towards the centre of the principal basin it 
is probably somewhat greater. Throughout much of this depth the 
strata consist of coarse grits, composed of the materials of granite, 
so little worn as to have the aspect of this rock in a decomposing 
state. The coal, which in the northern parts of the field is divided 
into two and sometimes three distinct seams, separated by consider- 
able intervals of slates and grits, but all comprised within the lowest 
one hundred and fifty feet of the series, is in the more productive 
region, south of the James river in Chesterfield county, collected to- 
gether into one immense stratum, which, though of very variable 
thickness, may be generally stated at from twenty to forty feet.* 

The curious circumstance, of the grits and coal-bearing strata of 
this region resting immediately on a floor of granitic and gneissoid 
rock, appears early to have attracted notice, and connected with the 
fact, that the coarser sandstones are but the recemented materials of 
the adjoining primary masses, almost unmarked by aqueous wearing, 
seems to have led to the prevailing belief of the very high geological 
antiquity of these deposits. Such considerations, and others, chiefly 
lithological, would appear to have formed the grounds upon which the 
distinguished pioneer of American Geology, Maclure, founded his ref- 
erence of this remarkable series of grits and carbonaceous strata, to 


* For a particular account of the boundaries and contents of this coal field, 
the composition of its numerous varieties of coal, and other details, see Re- 
orts of Geological Survey of Virginia for 1836, 1840. Also, ‘*‘ Memoir of a 
ection passing through the Bituminous Coal Field near Richmond,” by Rich- - 
ard C. Taylor. A more copious and accurate account will hereafter appear in 
the Final Report on the Geology of the State. 


646 


the period of the old red sandstone. More recently, Mr. R. C. Taylor, 
in an interesting paper relating to this region, in the Transactions 
of the Geological Society of Pennsylvania, expresses himself as 
‘rather inclined to assign this independent coal formation to the 
transition carboniferous deposits, than to the secondary class,” on 
the ground of the absence of any “ analogy” between it and the 
latter, ‘throughout the whole series of superincumbent strata.” 

The further explorations in this region, made in the course of 
the Geological Survey of the State, aided by new and extended 
mining operations, having brought to light, more clearly than be- 
fore, many interesting organic remains, chiefly of vegetable origin, 
have afforded me the opportunity of accumulating important data 
for determining the epoch of this isolated and remarkable coal forma- 
tion. Inthe absence of such a guide, and judging by lithological 
indications alone, perhaps no more probable conclusion would have 
been reached on this subject, than that of the able geologists whose | 
names have just been mentioned. 

These vegetable remains, as a group, bear a striking resemblance 
to those which accompany the Oolite coal of Brora, Whitby, and 
other European localities. Some of them, as, Lguisetum columnare, 
Calamites aranaceus, Pecopteris Whitbiensis, Pecopteris Munsteriana 
and Lycopodites uncifolius, are, I think, specifically the same with 
the European fossils, while the rest, among which are Teniopteris 
magnifolia, an unnamed Pecopteris, and two or perhaps three 
species of Zamites, are very closely allied to certain species of the 
same genera, found in connection with the Oolite coal of Yorkshire, 
~Sunderlandshire, and other places in Europe. 

The most abundant of these remains are, the Lgwisetum colum- 
nare, also said to exist in great profusion at Brora and Whitby; a 
large species of Zamites? hereafter to be noticed; and a magnificent 
Teniopteris, (T. magnifolia,) very closely analogous to 7. vittata 
and 7. seitaminea of the Yorkshire and Sunderlandshire formation. 
These four being found in vast numbers immediately upon, and in- 
terlaminated with the coal, where it is slaty, would appear to have 
furnished the principal materials of the stratum. No remains bear- 
ing any resemblance to Stigmaria have been discovered either in the 
soft carbonaceous slates beneath, above, or in the midst of the seams, 
or in the other slaty and gritty strata of the series. 

With such a striking agreement, as regards not only the general 
character of the vegetation, but the individual plants belonging to 
the rocks now under consideration, and those of the Oolite coal of 
Europe, it can scarcely be doubted that they were formed during the 
same or very nearly the same geological period, and I therefore feel 
no hesitation in referring the coal of Eastern Virginia to a place in 
the Oolite system on the same general parallel with the carbonaceous 
beds of Whitby and Brora—that is, in the lower part of the Oolite 
group. } 

This determination possesses, I conceive, no small degree of in- 
terest in its connection with our geology generally, inasmuch as it 
supplies a very important link in the great geological succession of 
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formations, which had not previously been discovered anywhere with- 
in the United States. Nor is its importance less, when connected with 
the striking discovery of Capt. Grant, of an Oolite coal-series in the 
opposite hemisphere, near the mouth of the Indus, some of the 
fossils of which appear to be almost identical with plants, from the 
Virginia coal rocks, hereafter to be described.* With these dis- 
coveries in view, it can scarcely be doubted that the fossil flora of 
even the middle geological periods has suflicient uniformity of char- 
acter, even in opposite parts of the globe, to furnish a very useful 
guide in the comparison and identification of great geological 
groups. t, 

Of Animal remains, so abundant in the Oolite generally, the 
only traces yet discovered in the Oolite coal series of Virginia con- 
sist of teeth apparently Saurian, recently found by me in and a little 
above one of the coal seams in the northern part of the district, 
and the scales and sometimes entire impressions of a slightly 
Heterocercal fish, referred to, doubtingly, by Mr. Nuttall,t many 
years ago, and lately examined and named by our able ichthyologist, 
Mr. Redfield. 

The coarser rocks, lying above the carbonaceous strata, and form- 
ing the greater part of the thickness of the series, contain very few 
organic remains, and those in so imperfect a condition as to have 
little or no value for purposes of comparison. There are, however, 
strong reasons for believing that these strata, by a gradual transi- 
tion, pass upwards into the series of felspathic sandstones, described 
in my Report of the Geological Survey of Virginia for 1840, under 
the title of Upper Secondary Strata. The latter, considered by 
Messrs. Taylor and Clemson, as of “secondary origin, perhaps 
coeval with the Oolites,” have since been referred by myself and 
Prof. H. D. Rogers, to the upper part of the Oolite series, so that 
this great division of the geological column, though still perhaps 
very imperfectly represented in the United States, comprises a thick- 
ness of considerably more than one thousand feet of strata. 

I may here incidentally remark, that certain fossils (Posidonomya 
Keuperi? &c.) which I have recently found in a particular division 
of the new red sandstone (Middle Secondary) of Virginia, have led 
- me to infer the existence in that formation, of beds corresponding 
to the Keuper of Europe. A more particular account of this dis- 
covery is reserved for a future occasion. 

The following descriptions of some of the principal fossil plants, 
found in connection with the Oolite coal of eastern Virginia, are 
the results of a careful comparison of the specimens with the figures 
and descriptions of analogous fossils, in Sternberg, Brongniart, 
Brown, Lindley and Hutton, Phillips, and the Memoirs of Murchi- 
son, Grant, and others relating to the subject. These, with others 
not yet ready for the press, will, I trust, fully sustain my conclusion 


* See ‘* Memoir to illustrate a Geological Map of Cutch.’? By C. W. Grant, 
Esq., Trans. Geol. Soc., Lond., Vol. v., 2nd series. 
+See Trans. Acad. Nat. Sciences, Philadelphia, Vol, 2. 
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as to the age of the remarkable coal-formation under considera- 
tion. 

The details which they include, though inconsistent with the 
elegance of technical description, together with the accompanying 
Plate, will, it is believed, facilitate a just comparison of these fossils 
with those of the Oolite coal-formation elsewhere. 


Fosstr PLANTS OF THE OoLiITE CoAL Rooks oF EASTERN VIR- 
GINIA. 


EQUuISETUM COLUMNARE. Brongn. 


Oncylogonatum carbonarium. Koenig. ~ Hquisetites columnaris. Stern- 
berg 
g. 


The fossil referred to under this title, occurs very abundantly 
in certain slaty and argillaceous rocks met with at nearly all the open- 
ings in the coal-fields, both north and south of the James river, and 
appears to have formed one of the chief sources of the material of 
the coal beds. The specimens in the slaty rock are generally flat- 
tened out parallel with the laminz of the slate, and from the con- 
version of the vegetable matter into coal, give rise to alternations 
of coal and slaty material, sometimes as numerous as thirty in an 
inch. On one of these masses of slate in my collection, there is a 
beautiful impression of a part of the Hguisetum, about fifteen inches 
long, and where widest, seven inches broad, comprising ten distinct 
articulations, the intervals of which regularly diminish from one 
extremity of the fossil to the other. Specimens of this fossil are 
also met with in a dark bituminous clay, and a light brownish, soft 
sandstone, both of which occupy a place near the coal. In these 
the rotundity of the stems is pretty well preserved, the rocks im- 
bedding them being destitute of the laminated structure. 

The flattened as well as the convex impressions agree exactly 
with the figures appended to Murchison’s Memoir on the coal field 
of Brora, Trans. Geol. Soc. of Lond., Vol. Il, Part Il, and corre- 
spond in every particular with the description of the Brora fossil as 
given by Koenig in this memoir. The “acute regular furrows of 
various lengths, gradually diminishing in width, and running out 
into linear grooves,” and “the elevated rays or ribs having a pretty 
acute ridge, and gradually tapering into a fine, more or less length- 
ened raised line,” referred to by Koenig, as impressions produced by 
the flattened stem of the Oneylogonatum, and represented in figures 
3 and 4, of Mr. Murchison’s Memoir, are facsimiles of the Virginia 
fossil, as it occurs in innumerable layers in the slaty rocks, or is 
impressed on the parting surfaces of some varieties of the coal. 
Nor is the resemblance less perfect between the uncompressed form 
of the Brora fossil as represented in figures 1 and 2 of the Memoir, 
and the cylindrical jointed stems marked near the joints with simi- 
lar grooves and ribs, already alluded to as occurring in certain soft 
sandstones and argillaceous beds in the Virginia localities. I have 
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therefore no hesitation in considering the Virginia fossil as identical 
with that of Brora, as well as with that referred to by Prof. Phil- 
lips in his Geology of Yorkshire, as occurring in the sandstone at 
High Whitby, and recognized by him to be the Brora fossil. Guided 
by the authority of Brongniart, who describes specimens from 
Brora, Whitby, and other European localities, I shall hereafter speak 
of our fossil as the Hguisetum columnare. 

In all the British localities of this fossil, as Whitby, Haiburne, 
Wyke, and Brora, it occurs in connection with carbonaceous beds 
appertaining to the lower Oolite. In the neighborhood of Balbronn, 
Gemonvel, Studtgard, and other localities on the Continent, it is 
found in geological connections less certainly determined, but which 
Brongniart infers to be the same as those in ‘which it occurs in 
Great Britain. In closing his account of this fossil, Brongniart 
says: ‘‘In England, where the secondary formations have been so 
well studied, no trace of this plant has yet been found in the lias, or 
in the more ancient beds, or in the Oxford clay and more recent 
formations; nor does any thing in the Stonesfield limestone or Til- 
gate limestone, indicate the presence of this plant, which we may 
therefore consider as characterizing the lower beds of the Jura lime- 
stone” (the Lower Oolite.) 


EQUISETUM ARUNDINIFORME. 


The fossil for which the above title is provisionally proposed, 
bears a close resemblance to the stem of a common reed, bruised 
and flattened by pressure. The most perfect specimen in my pos- 
session is ona light gray, slightly micaceous slate. The stem, which 
is flattened out, is fifteen inches long, and two and a half to three 
inches wide, divided by joints about four inches asunder. The sur- 
face, though entirely destitute of regular ribs or striae, is marked, 
especially in the vicinity of the joints, with low, short, triangular 
plicatures, apparently due to compressing action. At the joints, 
which are beautifully distinct, and over much of the surface, the 
slaty matter is covered with a siliceous coating of a lighter color 
and much greater hardness than the body of the rock, derived ap- 
parently from the joints and epidermis of the plant. 

The lower and toothless joint, in Plate XX XI, fig. 8, Sternberg, 
representing Lguisetites acutus, bears a strong resemblance to this 
fossil, as do also the reed-like stems represented along with im- 
pressions of Zamites heterophyllus, in Plate XLIII, figs. 4 and 5, 
Sternberg. 


CALAMITES ARENACEUS. Brongn. 


The fossil referred to by this title is frequently met with in’ the 
coal rocks of Eastern Virginia, occurring both inthe dark laminated 
slates, and in the soft, bluish-gray sandstones. In the former po- 
sition it is generally very much flattened, from compression between 
the layers of slate; in the latter it is often quite cylindrical, being 
found in an erect posture in the rock. 

28 
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On comparing some good specimens in my collection with Bron- 
gniart’s figures and description of @. arenaceus, | am convinced 
that our fossil is of this species, or one very closely allied to it, and 
that it differs in many important points from C. Suckowii. The 
calamite from Eastern Virginia, forwarded by Professor Silliman to 
M. Brongniart, and by the latter figured as C. Suckowii was ob- 
viously, as he himself confesses, a very imperfect one, and as will 
be seen by inspecting his drawings, differs in many respects from 
the other specimens, referred by him to the same species, all of 
which were derived from the true carboniferous formation. From 
Brongniart’s drawing of the Virginia specimen, and his statement 
that it is nearly or entirely destitute of tubercles at the joints, in 
which it strikingly differs from the true @. Suckowii, and agrées 
with the arenaceus, I am fully convinced that the fossil figured by 
him as a variety of C. Suckowii, is the same as that I am now de- 
scribing, and is the true Calamites arenaceus. 

It may, perhaps, be conjectured, without doubting the great skill 
of this illustrious naturalist in vegetable Paleontology, that the 
specimens from Wilkesbarre and Richmond, being presumed by him 
to have come from the same geological formation, and the very im- 
perfect condition of the Virginia specimen disguising its peculiari- 
ties, he failed in bestowing such attention on the subject as would 
have assured him that the two were of different species. 

According to Brongniart, the C. arenaceus occurs associated 
with Lguisetum columnare, near Studtgard. 


CALAMITES PLANICOSTATUS. 


The fossil here referred tois usually met with in the slaty beds con- 
taining Lguisetum columnare, and is, in some localities, quite as abun- 
dant as that plant. The best characterized specimen in my collection 
has the appearance of a flattened stem, exhibiting several distinct 
articulations, all entirely devoid of tubercles. Throughout its whole 
length, this impression is marked by shallow parallel grooves, 
slightly deepening towards the joints, and distant from one another 
from the fifteenth to the twentieth of an inch. These grooves are 
generally prolonged across the joints, so as to be continuous 
throughout the neighboring divisions of the stem, suffering only a 
slight flexure and lateral displacement as they cross the articulations, 
and returning again to the original line. The ribs or ridges between 
the grooves are smooth and flat, excepting near the joints, where 
they are slightly but irregularly convex. At many of these joints, 
are seen small circular scars, like the points of insertion of leaves, 
arranged at intervals of about half an inch. One or two ex- 
tremely fine stria may generally be traced along the middle of 
each rib. 

From the genéral flatness of the impression, and the great shal- 
lowness of the furrows, it might at first be readily taken for a large 
striated leaf; but, upon removing the coaly film which conceals the 
articulation, the jointed and stem-like nature of the fossil is indis- 


651 


tinctly shown. The great thickness of the coaly layer adjoining this 
impression upon the surface of the slate, and the number of such 
impressions found in the layers of a fragment of the rock only one 
or two inches thick, imply that the hollow stem of the plant 
which produced them, was extremely thin, and easily compressed. 
Whether it was of the same genus with the plants whose fossil 
relics have been arranged under the title of calamites, it would be 
impossible as yet to determine. As far as may be inferred from 
external appearances, it would seem to be referable to that group. 
Ranking it, therefore, for the present, with the long list of doubtful 
fossils included under this generic head, I propose the specific 
naine of planicostatus, as descriptive of the remarkable flatness of 
its ribs. 


TANIOPTERIS MAGNIFOLIA. 


The impressions of this superb plant are found in great numbers 
in some of the dark gray slaty layers and ferruginous bands above 
the coal, and even upon the surfaces or partings of certain varieties 
of the coal itself. This fossil retains so perfectly the delicate mark- 
ings of the original frond, that I have been able to compare it satis- 
factorily with the other species of the same genus, figured and de- 
scribed by Brongniart, Phillips, Lindley and Hutton, and Sternberg, 
and have hence been led to consider it asa new species. The partic- 
ulars in which it differs from the Teniopteris vittata, Brongn. and T, 
scitaminea (Presl.) Sternberg, the two species which it most nearly 
resembles, will appear from the following description: 

1. The form of the frond. Although among my specimens 
there is no large frond, in which both the extremities are entire, the 
numerous fragments of fronds, exhibiting the ends as well as the 
middle portions of different Jeaves, enable me very satisfactorily to 
trace the figure of the frond, in an advanced stage of growth. This 
may be described as oval-lanceolate, but with this peculiarity, that 
while the upper or free end is formed by a gradual curving of the 
margin, from the wide part of the frond toward the end, so as to 
present a very regular and nearly elliptical sweep, the lower ex- 
tremity tapers towards the petiole, in a somewhat irregular and 
undulating manner, and is greatly reduced in width before it termi- 
nates. Our fossil thus agrees with the 7. vittata in the eliiptical 
outline of the upper half of the frond, but differs from it in the un- 
dulating margin and more triangular form of the part next the peti- 
ole. It is also wider in proportion to its length. It is at once dis- 
tinguished from the 7. scitaminea, which in other respects it very 
closely resembles, by the apex of the latter having a re-entering, cor- 
date curvature. 

2. The size of the frond. A comparison of the smaller and 
more perfect fronds with fragments of the larger ones, often amount- 
ing to one half or three fourths of the whole, has enabled me to 
supply the outline of the deficient portions of many of the latter, 
and has thus afforded data for measuring a number of the fronds. 
The following are the dimensions of three, greatly differing in size: 


Frond 5A. Breadth \.. 32 20 ont eee piney 2°4 inches, 
Estimated length by several fragments 14 i 

®rond«B.« Breadth: ps... 6. We ageret AG Pa 4 4 
Estimated lengthint, Sinmt ies 728 24 os 

Frond G.: Breadth’. .\. ..acwot ee Re ee BrAy até 
Estimated ‘lengtht.4..a6we. @c7-04 2a 40 bf 


The breadths here recorded were all carefully measured upon the 
specimens. The length of A was deduced from the measured length 
of a fragment twelve inches long; that of B, from a fragment twenty 
inches long, and that of OC, from several fragments, from six to 
twelve inches long. The estimated lengths of A and B, are proba- 
bly a little less than the true lengths. 

8. The Midrib and Petiole. The Midrib is quite robust, having, 
in some of the larger impressions, a width of from one third to one 
half an inch, but gradually tapering towards the upper end, it be- 
comes extremely slender at the apex. On the upper side it is marked 
by a somewhat deep groove and numerous parallel striz#. The Pet- 
iole is thick, rounded at the end, and abont one seventh the length 
of the frond. This slenderness of the midrib towards the upper end, 
forms another feature of distinction between our fossil and the 7. 
vittata, as figured by Brongniart, and in this particular gives it more 
resemblance to the drawing given by Lindley and Hutton of 7. ma- 

OMe 1 

4 4. The Nervures. As in the 7. vittata, T. scitaminea, and a few 
other species, the nervures of our fossil are nearly or exactly at 
right angles to the midrib. They are, however, far more delicate 
and numerous than in T. vittata. Moreover, after a careful exam- 
ination of the nervures of more than twenty fragments, I have been 
unable to discover more than three or four instances of their bifur- 
cation, either near the midrib, or at any other part of their length; 
while on many large and distinct specimens, not a single example 
of bifurcation could be found. Simplicity of the nervwres is, there- 
fore, to be ranked as one of the characters of our fossil. In the 7. 
vittata, on the other hand, according to Brongniart, “the nervures 
are sometimes simple, sometimes bifurcated either towards the base, 
the middle, or near the extremity ;”’ and in Brongniart’s figure, the 
bifurcated nervures are as numerous as the simple ones, the two be- 
ing arranged alternately. In Sternberg’s definition of the species, 
a similar frequency of bifurcation is implied by the words “ venis 
horizontalibus furcatis, cum simplicibus alternantibus.” 

5. The position and size of the supposed points of Fructification. 
On many of the fronds of the Virginia fossil an irregular row of 
circular depressions is seen, on each side of the midrib, and not un- 
frequently on the midrib itself, These hollows would seem, as in 
the vittata, to mark (according to Brongniart) the position of the 
roundish groups of capsules. They are, however, much larger than 
in that species, being from one sixth to one fourth of an inch in 
diameter, and are placed at unequal intervals oe and at rather 
varying distances from the midrib. 
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The peculiarities above described, especially the form and size of 
the frond, and the almost invariable singleness of the nervures, 
would seem to furnish ample reasons for regarding the Virginia fos- 
sil as distinct from either the 7. vittata or T. scitaminea, although 
nearly allied to both. Looking upon it as forming a new species, I 
have ventured to give it the title of 7. magnifolia. 

T. magnifolia. Frond, varying from one to six inches in width, 
and from seven to forty inches in length, curving elliptically towards 
apex, tapering with an undulating margin towards base, supported 
by a thick petiole about one seventh the length of the frond, and 
rounded off at the end. Midrib thick, marked on the superior side 
by a somewhat deep groove and numerous parallel lines; nervures 
perpendicular to midrib; simple, or very rarely bifurcated ; parallel, 
distinctly prominent, and numbering, in the large frond, from fifty 
to sixty to an ineh. 

The genus Teniopteris, entirely unknown in the carboniferous 
formation, first makes its appearance in the new red sandstone, 
and still later, forms, in the lias and Golite, an important and ap- 
parently characteristic group. The species most nearly allied to 
our fossil, namely, 7. vittata, T. scitaminea, T. major, and T. lati- 
Jolia, appear to be peculiar to the lower part of the dolite and the 
lias, either one or all of them being found in.this geological position 
at Hoer, Neuewelt, Whitby, Scarborough, Stonesfield, and other 
localities. 

Speaking of the vittata, Brongniart says: ‘‘ This fern is one of 
the most common in the Jura formations, and may be regarded as 
one of the characteristic plants of our third period of vegetation. 
From a citation of localities, it appears that it has already been 
found in widely distant places, and that it is especially abundant in 
the Oolite marls of the coast of Yorkshire.” 


Prcorpteris Wuirsiensis. Brongniart. 


Although fossils of the fern tribe are of very rare occurrence in 
the strata of which I am now treating, I have been fortunate enough 
to procure several specimens in a good state of preservation. These 
I find to be referable to three species, closely resembling if not iden- 
tical with species found in the lower part of the Oolite in Europe. 
The fossil referred to under the present head corresponds so well 
with Brongniart’s figures and description of P. Whitbiensis, that, 
notwithstanding a slight disagreement in one or two minor points, I 
cannot but regard it as of the same species. 

The leaf is bi-pinnate, the rachis thick and smooth, the pinns 
oblique, opposite, straight, much prolonged and tapering towards 
the apex. The pinnules are contiguous, but not confluent; pro- 
tracted at the upper part of the base, contracted at the lower; they 
are arcuate-acute, but less so than in Brongniart’s figure of P. W hit- 
biensis. The main nerve, starting from the midrib nearly at right 
angles, bends gradually upwards, the nervules diverging slowly from 
this, or springing from the base near the central nerve, are once and 
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twice furcated, and both they and the central nerve are very deli- 
cate. In most of these particulars, it will be seen that our fossil 
agrees precisely with P. Whitbiensis. The only points of difference 
seem to be a somewhat less acute termination of the pinnules, 
their rather greater breadth in proportion to their length, and 
their more delicate nervation. These disagreements are, I pre- 
sume, too unimportant to separate the Virginia fossil from the 
P. Whitbiensis, especially when so high an authority as Sternberg 
has united under this title three of Brongniart’s species, presenting 
much greater diversities, namely, P. Whitbiensis, P. Nebbensis, P. 
Leneris. 

The importance of this fossil, in determining the age of the strata 
in which it is found, may be inferred from the statement of Brong- 
niart, that ‘this plant is altogether peculiar to the Jura formation, 
and has no analogy with any of those ue! appertain to the true 
carboniferous system.” 


Precopterts MunstEertana. Sternberg. 


Of the fossil here referred to, I have met with but one specimen. 
This consists of a single pinna, with a full array of uncommonly 
large, and in general, distinctly marked pinnules. The extraordi- 
nary size of the pinnules, and their proximity and mode of attach- 
ment to the rachis, might at first lead us to regard this fossil as 
identical with the Pecopteris insignis of the Yorkshire Oolite, 
described and figured by Lindley and Hutton; but a closer at- 
tention to the plan of nervation, and the form and size of the 
pinnules of the two, discloses very important points of difference. 
In the P. insignis, each nervure, at its junction with the middle 
nerve, very regularly divides into two branches. In the Virginia 
fossil, after this forking at the middle nerve, there occurs a further 
bifurcation of one or of both the branches thus formed. The 
pinnules of the P. insignis are larger than those of our fossil ; 
they are, moreover, of a falcated shape, while those of the Virginia 
species are nearly or quite straight, and have an ovate termination. 
Among all the species of Pecopteris described and figured by Stern- 
berg, Brongniart, and Lindley and Hutton, the P. Munsteriana is 
that with which our fossil most nearly corresponds. In the shape 
of the leaf, and its mode of attachment to the rachis, and in the 
peculiar plan of nervation, as shown in Sternberg’s drawing of 
P. Munsteriana, the agreement is perhaps as close as could be ex- 
pected, even in two specimens of the same species. The only point 
of difference between them, appears to be the greater size of the 
pinnules in the Virginia fossil. As, however, the disparity i is not 
very great, and the smaller pinnules on the Virginia specimens are 
quite as large as the larger ones in Sternberg’s figure, the inequality 

may probably be explained by difference of age or of position on 
the leaf. 

According to Sternberg, the P. Munsteriana occurs at Bullen- 
reit, near Baruth, in strata, referred to the Lias. 
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PEOOPTERIS.’. . . . att 


This specimen consists of several incomplete pinne, evidently 
appertaining to a Jarge Pecopteris, of a different species from either 
of the preceding. The pinne are straight, regularly tapering towards 
the extremity, nearly at right angles to the main stem, and closely 
crowded together. The pinnules arranged alternately on the oppo- 
site sides of the midrib, are nearly perpendicular to it, and are attached 
by the entire base, but quite separated one from another, having no 
connecting wing. The pinnules, near the base of the pinnae, preserve 
a nearly uniform breadth, from the attachment to near the extremity, 
and are then very bluntly rounded off. Those more towards the 
end of the pinnae are slightly tapering, curve a little upwards, and 
terminate acutely. <A strong ridge marks the position of the middle 
nerve. Each pinnule is crowded with the impression of Sori, form- 
ing a row of dots, or of depressions, from six to twelve in number, 
on each side of the middle nerve; but in no part of the specimen 
can the nervures be distinctly traced. Of the various species figured, 
that which seems most nearly to approach our fossil is the Pecop. 
obtusifolia of the Yorkshire Oolite, as represented by Lind. and 
Hutton, plate CLVIII, figs. 1 and 16. According to the description 
of these authors, however, the Yorkshire fossil is a much smaller 
and more delicate plant than ours. 


Lyoopopires WitirAmsonis. Brongn., Prodromus. 
Lycopodites uncifolius. Phillips’s Yorkshire. 


The fossil impressions referred to this title, comprising different 
portions of the plant, among which are the head or cone, corre- 
spond in almost every particular with the figure of Lycop. uncifo- 
lius, given by Lindley and Hutton, as copied from Mr. Williamson. 
“The one, and sometimes two, strongly marked ridges up the cen- 
tre of each leaf,” the ‘oppositely placed leaves, with the smaller 
ones between,” the scales upon the stems, the cones with ‘the 
strongly marked rhomboidal spaces like scars,” the peculiar claw- 
like form of the leaf, especially where full grown, are all distinctly 
exhibited in the Virginia fossil. Indeed the only points in which 
it seems at all to differ from the figure of ZL. uncifolius given by 
Lindley and Hutton, are, that it is smaller in all its dimensions, has 
apparently a Jess scaly stem, and has its small leaves less sharply 
pointed, and less curved than the Yorkshire fossil. Considering 
these minor differences as affording no sufficient grounds for rank- 
ing it as a distinct species, when in other respects the agreement is 
so striking, I do not hesitate to regard it as either identical with 
the Lycopodites uncifolius, or as a species closely allied to that plant. 


ZAMITES OBTUSIFOLIUS. 


The beautiful fossil which I propose to designate by this title, is 
found along with the Lycopodites, above described, in a state of 
good preservation, in a dark-gray argillaceous slate, not far above 


656 


the coal. It has the form of fragments of the leaf, or pinna, one of 
which, in my collection, though still incomplete, is about eight 
inches long. The impression of the midrib is nearly straight, gradu- 
ally tapering towards the outer end of the pinna, and irregularly 
and rather finely striated. This, where widest, in the larger pinna 
above mentioned, is about one tenth of an inch across. The leaflets 
are attached to the midrib by their whole base, and where they unite 
with it are nearly in contact one with another, but not confluent. 
They are about one tenth of an inch wide, preserve a nearly uni- 
form breadth from the base outward, and are dluntly rounded off 
at the extremity. They are from one to two inches long, becoming 
shorter towards the upper end of the leaf, and are either straight 
or slightly faleated. From the lower end of the leaf, to near the 
upper, the pinnules are placed at an angle of from seventy to eighty 
degrees with the midrib; at the upper end they make a more acute 
angle. Each pinnule is marked by from three to six parallel veins, 
springing from the midrib, and running to the extremity. As yet I 
have met with no specimen exhibiting the stem and pinng in con- 
nection, and I am therefore unable to speak of the character of the 
stem to which these leaves belong. 

On comparing this fossil with the figures given by Professor 
Phillips, and by Lindley and Hutton, of the several species of Cyca- 
dites or Pterophyllum, found in the Oolite rocks of Yorkshire, &c., 
it will be found, along with a marked general resemblance, to pre- 
sent several striking peculiarities. Nor does it bear even as near a 
specific analogy to the other fossils of the same tribe, figured and 
described by Sternberg. 

The fossil which it most closely resembles is one which I find fig- 
ured among the illustrations of Captain Grant’s interesting ‘ Memoir 
on the Geology of Cutch,’ (Geol. Trans. vol. 5,) under the title of 
‘“* Ptilophyllum acutifolium.” In the latter, however, the leatlets 
have an ‘‘acufe apex,” and are “‘imbricated at the base, and attached 
eee a ae in all of which characters it differs from the Virginia 

ossil. 

In accordance with the generic characters which appear to have 
guided Prof. Phillips, this fossil would rank as a Cycadites, while in 
obedience to the definition of Brongniart, and Lindley and Hutton, 
it should be placed in the genus Pterophyllum. Preferring what ap- 
pears to me the simpler arrangement of the Cycadites adopted by 
Sternberg and Presl, I have rather chosen to place it in the compre- 
hensive genus Zamites of the latter author, adding the specific name 
obtusifolius, as descriptive of the mode of termination of the leaflets. 
The propriety of referring it to this genus will at once appear on 
comparing the above description of the fossil and the accompanying 
figure, with that part of Sternberg’s definition of the genus which 
relates to the leaves, comprised in the following words: “‘ Folia pin- 
natifida, vel pinnata, pinnis distichis, sessilibus adnatisve, laciniisgue 
integerrimis nervosis, nevot plures, paralleli, in basi pinnarum vel 
laciniarum juata depositi.” 

It will be seen that the Zamites obtusifolius, as above charac- 
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terized, bears a close resemblance, in most particulars, to the fossil 
figured and described by Brongniart under the title of Filicites vit- 
tarioides, and since described by Sternberg as Zamites blechnoides. 
Vide Hist. des Veg. Fos.: Liv. 11, p. 391, and Sternberg’s Versuch, 
&c., part 7 and 8, p. 200. Though this fossil is spoken of by Bron- 
gniart as having been sent to him by Prof. Silliman, from the coal- 
field of Eastern Virginia, I have been unable to find it anywhere in 
this region. The points in which, according to the description of 
Brongniart, it differs from Z. obtusifolius, are the confluent form of 
the pinnules where they join the midrib, and the invariable pres- 
ence of but two nerves in each pinnule. 


ZAMITES TENUISTRIATUS. 


The impressions of this fossil, which I have thus far met with, 
are imperfect and rather obscure, consisting of disjointed leaflets and 
incomplete fronds. They are, however, sutticiently distinct to show 
the peculiar form of the leaflets, their mode of attachment to the 
midrib, and their nervation. 

The leaflets, varying from three fourths of an inch to one inch in 
length, and from one eighth to one tenth of an inch in breadth, 
where widest, are sharply elliptical at base, attached directly to the 
midrib, and taper with great regularity from the place of greatest 
width (about one fourth the whole length from the midrib) to their 
termination. The nervures are parallel, numerous, and so delicate 
as to be but obscurely traceable on most of the impressions. 

The fossil to which this appears to bear most analogy, is the 
Zumites Whitbiensis of Sternberg; but the leaflets of the Virginia 
plant are much smaller, more delicate, and of a narrower form, and 
the nervures much more minute. 


ZAMITES. 


One of the most abundant of all the fossil relics found in the 
dark-colored slates a short distance above the coal, and sometimes 
interlaminated with the upper part of the seam, consists of long flat 
impressions, covered with straight parallel ribs or veins from thirty 
to forty to the inch. These impressions lie closely upon each other, 
between the parallel lamin of the slate, and appear to be of ex- 
treme thinness. The great distance to which the parallel ribs may 
be traced, without any indications of an articulation, and the close 
proximity of the impressions, would seem to exclude the supposition 
of their being compressed stems of a calamite, while their narrow- 
ness and nearly uniform width, and some obscure appearances of 
attachment to a midrib, incline me to refer them to some very large 
Cycadeous plant. 

The above-described fossils comprise the more important, though 
not all of the vegetable remains which I have yet been able to procure 
in a state of sufficient preservation to be of much interest for pur- 
poses of comparison. Further explorations in which I am now en- 
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gaged will, it is hoped, add many new ones to the list, and enable 
me clearly to determine the characters of a number of interesting, 
but as yet obscure plants, of which I now have specimens. 

Of animal remains, the only specimens thus far met with, are a 
single species of jish, and the teeth of what was probably a Saurian. 
The former, which has been accurately described by Mr. Redfield, 
is referred by him to his new genus Catopterus, under the title of 
Catopterus macrurus.* Its remains are met with profusely, though 
seldom in good preservation, in the black bituminous slates and lead- 
colored argillaceous sandstones, immediately upon, and for some 
distance above, the coal. In some localities the rhombic scales 
occur in immense numbers, blended with vegetable impressions, 
not only in these beds, but in the upper part of the coal itself. The 
teeth I have found both in the finer grits, and associated with the 
fish scales, immediately upon, and in, the coal. 


* See American Journal of Science, for 1841, vol. 41, page 27 3! 
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CoNTRIBUTIONS TO THE GEOLOGY oF THE TERTIARY For- 
MATIONS oF VirciniA. By W. B. Rogers anp H. 
D. Rogers. 


From TRANSACTIONS OF THE AMERICAN PHILOSOPHICAL Soorety, PHILADELPHIA, 1835 
AND 1837. 


Description oF Some New Miocene Fossit SHELLs.* 


Turritella ter-striata. 


Whorls strongly angulated by three principal revolving elevated 
spiral ridges; the lowest, being about one-third from the base, is 
the most prominent; the second, which closely adjoins and almost 
coalesces with the first, is much feebler; the third, which is nearly 
one-third the height of the whorl from the summit, is more distinct 
and is separated from the second by a deep and wide channel ; next 
the base of each whorl are three fine spiral striz; others, to the 
number of four or five, occupy the space between the principal ridge 
and the summit; crossing these are very fine indistinct transverse 
arcuated wrinkles. 

This shell is obviously distinct from the variabdilis in the great 
inequality of the three principal ridges, the depth of the central 
channel, and the greater delicacy of the transverse wrinkles. 

Locality, vicinity of Williamsburg; in the Miocene shell marl. 
Length, about two inches. 


Turritella quadri-striata. 


Shell turreted, regularly conical; whorls flattened, with four 
principal revolving equidistant spiral stric; a fifth, less conspicuous, 
bounds the base of the whorl; the whole of these are alternated 
with five much smaller interposed strie; near the summit of the 
whorls are traces of others yet more delicate; five transverse ar- 
cuated wrinkles, not very distinct. 

Locality, Williamsburg, as before; length, one inch. This shell 


* These descriptions were published in connection with other contribu- 
tions to the Geology of the Tertiary Formations of Virginia (1835, 1837, and 
1839), which, being identical with certain pages of the Reports for 1835 and 
1840, need not be repeated here. (See pages 29 to 39, Report for 1835, and 
pages 419 to 437, Report for 1840.)—Ep., 
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that above, and stil] almost identical with the proportions in several 
of the Miocene localities of Europe. 

Making every possible allowance for future discoveries bringing 
to light as recent, some of the now supposed extinct species, it is 
still difficult to imagine, with such a ratio as we have at present, that 
the proportions can ever so far change as to make the living species 
of the deposit to equal or exceed the number of the extinct; a con- 
dition necessary of course to entitle it to the name of Older Plio- 
cene, which it has received. 

The circumstance that in Prince George county the Miocene is 
superimposed directly upon Eocene, from which it seems not to be 
separated by any features which would mark a long interval attended 
by abrupt or violent actions, furnishes another, though not a deci- 
sive argument against its belonging to a period so late as the Older 
Pliocene. It seems reasonable to infer, that the two would hardly 
be seen resting together in exact conformability, as they do, had they 
been separated in time by the whole interval between the Eocene 
and the Older Pliocene, during which the surface of the former 
would be in a condition to undergo changes and irregularities no- 
where perceived where they are seen in contact.* 


Or TnE ORIGIN OF THE DEPOSIT OVERLYING THE M1IocENE SHELL 
MARL. 


It is not easy, in the present state of our information, to ap- 
proximate to the precise era when this overlying deposit was pro- 


* In arecent publication (Silliman’s Journal, vol. 28, p. 106), Mr. Conrad 
has attributed to a portion of the formation here under discussion, namely, the 
localities of Yorktown and the James river, near Smithfield, a date still more 
recent than the period of the Older Pliocene. He ranks those deposits, to- 
gether with another at Suffolk, Virginia, and one on the St. Mary’s river, Mary- 
land, under a new division, Medial Pliocene; it is stated at the same time that 
the recent species at those places compose about thirty per cent. A subdivis- 
ion of the formation as it occurs in Maryland, characterized by Perna maxil- 
lata and a less proportion of recent species, is referred to the Older Pliocene, 
while the opinion is advanced that the Miocene is Ps euiipui | altogether want- 
ing. Now to those familiar with the principles of the new nomenclature of 
the Tertiary, it is obvious that the beds, so styled, the Older as well as the 
Medial Pliocene, are entitled, in strictness, to the appellation of Miocene only. 

To confer on a formation the name Medial Pliocene, its shells should con- 
tain about thirty per cent extinct, and seventy per cent recent, and not the con- 
verse. We believe, moreover, that the per-centage of recent species at Yorktown 
is even materially less than thirty. 

In No. 3, of his work on American tertiary shells, issued a little earlier than 
the other article, Mr. Conrad adopts a somewhat different classification, calling 
the several localities in Virginia and Maryland, Older Pliocene, as before, ex- 
cept that stratum low down in the Maryiand formation which is distinguished 
by the Perna maxillata, and this he denominates Miocene. For reasons before 
stated, namely, the small per-centage of recent species throughout them ad, 
we believe the whole together to have been produced in the Miocene epoch, 
and to belong to one formation; and we have been led into this note in the 
sincere wish to settle the question of the age of this division of our Atlantic 
Tertiary formations, lest the student of American geology be disheartened by 
the perplexity which grows out of a shifting and inconsistent nomenclature. 
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duced, though it appears to have had a date perhaps long anterior 
to the latest superficial diluvium with which it is often confounded. 
We infer this from the very general absence of all those signs which 
mark a transportation by violent causes from a distance, its mate- 
rials being finely comminuted clays and sands usually arranged in a 
manner denoting a somewhat quiet deposition. On the other hand, 
its containing no fossils, its distinct separation from the fossilifer- 
ous marl stratum beneath it, the surface of which is furrowed and 
deeply channelled, as if an interval of erosive action had preceded 
it, are facts which may possibly displace it from the Miocene era 
altogether, and which, for the present at least, throw entire uncer- 
tainty upon the inquiry as to the position which it should occupy 
in the Tertiary series. 

It is not unlikely, all things considered, that the origin of this 
deposit is to be traced in the rise from beneath the sea of some of 
the more western portions of the tide water plain; in other words, 
with the appearance above water of the Eocene tract in that quar- 
ter. This is rendered probable from the circumstance that this 
superficial bed often abounds near the bottom with grains of the 
green sand mineral so abundant in the Eocene of Virginia. It is 
corroborated, likewise, by the fact that the shelly Miocene stratum 
reposing upon the Eocene, sometimes shows tokens of considerable 
violence over its surface, the shells being, throughout a depth of 
several feet near the top, in a fragmentary state, and much dis- 
turbed, as may be seen in Prince George county, and on the Chick- 
ahominy river. 

If we conceive that tracts in the Eocene district, or above it, 
were upheayed to near the water’s level, or entirely out of it, 
while the country to the east was still submerged, we may not 
only explain the facts here mentioned, but by adverting to the 
nature of the actions which would supervene, we may account, 
by the sudden draining off of the uplifted water, for the eroded 
surface of the Miocene marl, and the sudden and total extinction 
of animal life which took place. To this would naturally succeed 
the introduction of nearly the same kind of matter under more 
tranguil circumstances, brought down from the newly exposed 
tract by river action, the probable source, we may conjecture, of 
some of the sands and clays of finer texture which occur so regu- 
larly and quietly stratified every where in the upper parts of the 
deposit. 

Later than all these operations must have been the diluvial ac- 
tion, more or less extensive, which grooved the surface of this de- 
posit throughout the Tertiary region with its innumerable ravines 
and shallow valleys of excavation. Whether this last change was 
impressed upon the surface by the final emergence of the whole ter- 
ritory from the sea to its present level, or by some more universal 
denuding flood which has swept the continent generally, we venture 
not to decide; though the comparatively small amount of trans- 
ported superficial pebbles and boulders, and the absence of any 
which can be traced beyond the nearest rocks at the head of tide, 
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incline us to attribute the denudation in question to the supposed 
local action rather than to the other. 


EooENE FORMATION OF VIRGINIA. 


Though some attention has been devoted by Mr. Conrad, and 
other American naturalists, to the Tertiary fossils of several locali- 
ties in Virginia, as yet their researches have been limited to such 
as appertain to the subordinate divisions of the Tertiary group, 
arranged by Mr. Lyell under the head of Pliocene and Miocene; 
and though the existence of an Eocene deposit might naturally have 
been inferred, no locality of this character appears to have been known 
to them. The existence of an extensive Eocene formation in East- > 
ern Virginia is now for the first time announced, as furnishing an 
interesting step in the progress of the geological inquiries which 
are now on foot by legislative authority in that state. 

This formation appears to have a general meridional direction, 
traversing the state from the Potomac to the Roanoke. It is inter- 
sected and exposed by the principal rivers, first making its appear- 
ance at from twenty to thirty miles below the primary ridge. The 
most interesting locality which has as yet been visited, and that 
from which the fossils have been most abundantly obtained, is on 
the James river, beginning a little above City Point, and extending 
nearly in a continuous manner to Coggins Point, a distance, follow- 
ing the flexures of the shore, of about eleven miles. At Coggins 
Point, Torbay and Evergreen, the cliffs have a height varying from 
thirty to forty feet. At the base, a stratum of what appears at first 
to be a blackish clay extends nearly horizontally throughout the 
whole distance, rising a little as it ascends the river. Its height 
above the water at Coggins Point is about three feet; at Evergreen 
upwards of ten, measured to the upper edge of the stratum. It con- 
tinues downwards to a depth of six or eight feet, and terminates in 
an argillaceous clay of a bluish-gray colour. This dark stratum 
consists largely of particles of green sand, or silicate of iron and 
potash. It contains a great number of Eocene fossils, among which 
are Cardita planicosta, Fusus longeevis, &e., &c., already known as 
existing either in the Eocene of Paris or Alabama, or in both. But 
besides these it also contains a variety of beautiful and new species, 
some of which will be described in the present paper. These shells 
are, at some points, almost entirely dissolved, and very perfect casts 
alone can be procured; but at other points, though in a soft con- 
dition, they can, by using great care, be obtained in an entire state. 

Above this stratum is a layer of what Mr. Edmund Ruffin, the 
able editor of the Farmers’ Register of Virginia, calls gypseous earth. 
This stratum appears once to have abounded in fossils, but at pres- 
ent only casts, and those in a very soft condition, can be found. 
They are, however, identical with the fossils of the lower stratum. 
The earth of this layer, besides a considerable proportion of green 
sand, contains a large amount of sulphate of lime, disseminated in mi- 
nute grains and grouped in large and massive crystals. Immediate- 
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ly above occurs a thin stratum of white clay, at the junction of which 
with the former layer the crystallized gypsum is found in great 
abundance, and almost perfectly pure. Above the clay isa stratum 
of shells in a very disintegrated condition, but consisting of Ostrea 
sellesformis and other Eocene fossils, and immediately above is a 
stratum of the shells of our middle Tertiary. A few scattered peb- 
bles of a brown hue, hardly numerous enough to form a stratum, 
separate these two very distinct formations. In this uppermost 
layer are found the common Pecten and Pectunculus of our middle 
Tertiary.* The whole thickness of the Eocene deposit at this point 
appears to be about twenty feet. At distant points, where this de- 
posit has been examined, as for instance near the Piping Tree, on 
the Pamunkey, and near Port Royal, on the Rappahannock, as well 
as upon the Potomac, much the same arrangement and succession 
of strata have been remarked. 

The section at Coggins Point presents the interesting feature of 
a juxtaposition in the same cliff, of the Eocene and newer Tertiary 
formations, and on this account must be regarded as an important 
locality. 

The fact too that in this as well as other places where the Eocene 
deposit has been discovered, so very large a proportion of the chlo- 
ritic sand is contained in the matter embedding the fossils, is, we pre- 
sume, an unexpected and interesting circumstance. Even the New 
Jersey secondary strata are seldom more abundant in this peculiar 
mineral product than the formation referred to, and hence the farmers 
of Virginia are beginning to apply this material to their fields, 


New Fossm Sueits oF THe EooENE OF VIRGINIA. 


Nucula cultelliformis. 


Shell ovate, ensiform, somewhat inflated, rounded before, much 
elongated, and tapering behind, the posterior length more than 
twice the anterior, furnished with very fine, hardly distinct concen- 
tric stris, and one distinct and one very obscure rib behind ; anterior 
part with an indistinct fold; shell thin; lunule long and lanceolate ; 
beak small; anterior series of the teeth gently arched; posterior 
series straight; teeth in both acutely bent, the angles directed to- 
wards the beak; margin entire; cavity of shell shallow, with a 
ridge passing from the beak to the posterior margin. Transverse 
length, twenty-eight hundredths; height, eight hundredths of an 
inch. 


* Among the interesting fossils of the middle Tertiary above, is an enor- 
mous specimen of Astrea, which is worthy of being described. This mass 
was some years ago disengaged from the upper part of the cliff at Torbay, and 
is now lying on the shore, firmly fixed in the sand and clay. Though it has 
been much reduced in size since its fall, it is still of immense magnitude. Its 
form is of course very irregular, but its largest diameter may be estimated at 
four and a half feet ; and its weight is probably seven or eight hundred pounds. 
On the shore are likewise found vast numbers of the teeth of sharks, some of 
them of enormous dimensions. 
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Locality, Coggins Point, Prince George county, in the green sand . 
stratum. This very delicate shell approaches nearest to the WV. media 
of Lea, the Aqualis of Conrad, but differs in the great elongation 
of the posterior end, in the ribs, and in the less distinctness of the 
transverse strise. 

Nucula parva. 


Shell ovate, inflated, rounded before, not much produced, but 
rapidly tapering to a truncated point behind, furnished with about 
twelve rather coarse concentric folds or ridges, and a longitudinal 
gently depressed groove or undulation of surface, running from near 
the beak to the posterior basal margin; beaks nearly central; ante- 
rior series of teeth slightly arched; posterior series nearly straight; 
margin entire; cavity rather deep. Length, three-twentieths; height, 
two-twentieths of an inch. 

Locality, same as the preceding. 


Ostrea sinuosa. 


Shell sub-orbicular, or equilaterally sub-triangular; inferior valve 
moderately convex, with the lamine of growth profoundly plicated 
into loops, which are imbricated so as to produce regularly radiating 
ribs; hinge-plane depressed, and in a line with the dorsal margin, 
which is long and straight, the sides of the inferior valve being di- 
lated into the form of ears; fosset placed symmetrically and cen- 
trally in the hinge, and less than one-third its length, and curving 
suddenly at its termination in a narrow groove; beak slightly curved 
to the right and truncate; muscular impression small; inferior valve 
very slightly convex or flat, nearly circular, with concentric almost 
circular wrinkles. Length of the specimen four and a half inches; 
diameter between the ears five and a half inches; diameter of flat 
valve four inches. 

Locality, Evergreen, James river, in the lower or green sand 
stratum of the Eocene. This very beautiful fossil oyster will be 
seen to differ from the O. compressirostra in several essential par- 
ticulars, especially in the structure of the hinge, in the more sym- 
metrical and profound plications on the inferior valve, in its less 
convexity, and in its more regular dilatation on the upper margin 
into partial ears. 

Cytherea ovata. 


Shell subovate, somewhat inflated, with concentric transverse 
stria, very fine near the umbones, but much coarser near the mar- 
gin; beaks rather elevated; lunule very indistinct; teeth elevated 
and straight, the two posterior ones of the left valve small, much 
compressed, approximate, and nearly parallel; the anterior tooth 
large and grooved by a deep canal; cavity of shell deep; margin 
entire; posterior margin straight, and separated from the muscular 
impression by a fold or groove. Length, one and one-tenth of an 
inch; height eighty-five hundredths of an inch. 

Locality, Coggins Point, in the Hocene green sand. 
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Description oF SEVERAL SPECIES OF MIocENE AND EoorNnrE SHELLS, 
NOT BEFORE DESORIBED. 


Turritella fluxionalis. 


Specific character.—Shellelongated, turreted, whorls about twelve, 
slightly convex, subcarinated at base, longitudinally striated with 
five principal hardly granulated revolving striw, the lowest being 
double; between these are very fine ones, most numerous towards 
the base of the whorl. Very obtuse nearly obsolete transverse stria 
_ give to the principal longitudinal stria a sub-granulated undulation. 
Aperture sub-quadrangular. Length, one inch and two-tenths. 

Locality, Williamsburg and the neighbourhood, in the Miocene 
of eastern Virginia. 

Description.—This delicately striated shell has two of its finer class 
of lines separating the two stronger threads of the first, or carinal stria, 
about six of them between this and the second, about five between 
the second and third, either two or three between the third and fourth, 
one between the fourth and fifth, and from the fifth or uppermost to 
the top of the whorl about twomore occur. It is the most convex in 
its whorls of all our Miocene Turritella, if we except the 7. varia- 
bilis, and from this it may readily be distinguished by the greater 
number, delicacy and remoteness of its principal longitudinal stria. 


Cytherea lenticularis, Plate IIl., fig. 1. 


Specific character.—Shell large, depressed, discoidal, rather thick, 
length nearly equal to the breadth; transversely striated; lunule 
long, ovate, obscurely defined by a very faint impressed line; um- 
bones rather depressed ; beaks small, hardly recurved; teeth straight, 
divergent; cavity of the shell not deep; margin entire. Diameter 
about two inches. 

Locality, eastern Virginia, in the Eocene, where itis a common 
species. 

i Remarks.—From the extreme friability of this shell it has been 
impossible, hitherto, to procure a perfect specimen. It differs from 
all the Cytherew of our American Eocene beds in its nearly orbicu- 
lar form, and in its slight degree of inflation. The insulated tooth 
of the right valve is long, straight, and not much elevated. The 
anterior cardinal tooth in the same valve is slightly bifid. The strise 
upon the surface of the disc are almost obsolete, where decay has 
not removed the external lamine. The small incurvation in the 
beaks distinguishes it from C. Pouwlsonii of Conrad (C. globosa, Lea), 
to which species it bears some resemblance. 





Cucullea onochela.* Plate IIL, fig. 2. 
Specific character.—Shell ovate, subtrigonal, subcordate, oblique, 
the anterior margin nearly straight, inequilateral, inequivalve, thick, 


* From its resemblance to an ass’s hoof. This shell in my specimen has 
an obscure ridge crossing the cardinal area from beak to beak. See specimen 
from Potomac. 
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ponderous, globose; longitudinal coste numerous, depressed and 
flat, upon the left valve obsolete; transverse strie minute, obscure, 
except near the inferior margin; hinge line very straight; umbones 
not very prominent; beaks small, slightly incurved, and not distant. 
Length equal to the breadth, three inches. 

Locality, western part of the peninsula of the Potomac and Rap- 
pahannock, Virginia, in the Eocene. 

Description.—Alternate longitudinal striw#, very obscure and 
delicate, divide many of the coste along the centre, and throw 
them, especially next the anterior side, into pairs. The beak has . 
four-sevenths of the length of the hinge on its posterior side. This 
species may be known from the (. incerta of Deshayes by its much 
greater size, its less quadrangular form, by the greater number of 
its lateral teeth, and the less incurvation of its beaks. Jt is not 
less readily distinguished from C. gigantea, a species prevailing in 
the same beds with it, by its less width, compared to its height, by 
the less obliquity and greater length of its posterior margin, by the 
beaks being less remote and less incurved, and by the shell being 
smaller, but materially thicker, and more inflated near the base. <A 
prominent feature is the great inflation of the valves, especially to- 
wards their base. The hinge is well marked by from four to five 
lateral teeth, next the posterior side, and from three to four next 
the anterior, all being slightly curved, striated by deep irregular 
grooves on their sides, and of nearly equal obliquity. The central 
longitudinal teeth are numerous, irregular, and slightly oblique. 
The area of the ligament is nearly a segment of a circle, the straight 
hinge line being the chord; its surface is marked by about six deep, 
rather waved grooves. The right valve is the largest, overlapping 
the left on the lower margin, which is moderately crenulated in 
both. In the cabinet of the Academy of Natural Sciences of Phila- 
delphia there are, besides three large casts of C. gigantea, two ap- 
parently of the present species, somewhat larger than the shell now 
described, These latter, I have satisfied myself, belong to C. ono- 
chela, as an internal cast of this made in wax is precisely like them, 
though very different from the casts of C. gigantea. 


Oucullea transversa. Plate IV., fig. 1. 


Specific character.—Shell subovate, subtrapeziform, oblong, ob- 
lique, inequilateral, inequivalve ; longitudinal stria numerous and 
delicate, the alternate ones nearly obsolete, dividing the costs into 
pairs ; transverse stris: very minute; hinge straight, area of ligament 
narrow, with from three to four furrows; beaks small, somewhat 
incurved, and not distant. Length four-fifths of the breadth, but 
these proportions variable. é 

Locality, King George county, Virginia, in the Eocene, near the 
Potomac river. 

Description.—The division of the costs into pairs, the great ob- 
liquity of the posterior margin, and its great breadth, are among the 
characteristics of this shell. The area of the ligament rises from 
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the hinge at a more obtuse angle next the antcrior side than at the 
posterior, so that it curves upon an axis not coincident with the 
hinge line. The transverse lateral teeth are very slightly oblique, 
they are on the anterior side three, and on the posterior four; fine 
acute grooves or stris mark both sides of these teeth. The central 
longitudinal teeth are-few, irregular and rather oblique. The ante- 
rior and inferior margins of the right valve, especially, are strongly 
crenulated on the inner edge. The anterior muscular impression is 
subtriangular and depressed, the posterior one is nearly rectangular, 
the inner angle being a little elevated. Shell moderately thick. 


- Venericardia ascia. Plate IV., fig. 2. 


Specific character.—Shell subovate, subcordate, not thick; costa 
much depressed except on the beak ; about thirty; transverse stric 
numerous from the margin to the. umbones, nearly obliterating some 
of the longitudinal sulci; lunule profound, subcordate, triangular 
and equilateral; anterior muscular impression rather remote from 
the hinge; cardinal teeth arcnated, oblique; inferior and posterior 
margins crenulated. Length, three inches two-tenths; breadth, three 
inches six-tenths. 

Locality, King George county, Virginia, near the Potomac, in 
the Eocene. 

Remarks.—This shell can be confounded only with the V. plani- 
costa, to which it is possible we ought to refer it as a variety. They 
are readily distinguished, however, by the greater length and curva- 
ture of the whole anterior margin, especially the portion along the 
- ligament; the hinge is broader and longer, and the teeth are less 
prominent and more arcuated ; the muscular impression, on the an- 
terior side, is further from the hinge ; and the whole valve is wider, 
flatter and thinner. These differences, with the flatness of the costa, 
appear to warrant us in regarding this shell as a distinct species from 
Venericardia planicosta. That shell also is found in the Eocene of 
Virginia, but usually not in the same bed with V. ascia. 


Cardium quadrans. Plate V., fig. 1. 


Specifie character.—Shell subtrapeziform, oblique, inequilateral, 
posteriorly much expanded, compressed anteriorly; thin and fragile ; 
longitudinally ribbed, costs about thirty-five, broad, depressed, and 
slightly convex ; transverse stris somewhat coarse or squamose near 
the margin. Umbones small, beaks incurved, lunule long; posterior 
cardinal tooth small, and of nearly uniform breadth, posterior lat- 
eral tooth large; margin crenulated by distinct but not deep undu- 
lations. Length, three inches seven-tenths; breadth, two inches 
eight-tenths. 

Locality, eastern Virginia, Miocene. 

Remarks.—Owing to the extremely friable state in which this 
fossil is found, and to its being associated with C. magnum and C, 
laqueatum, its fragments have passed for these species; but its tra- 
pezoidal form, and the great width and depression of the Jongitudi- 
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nal costs, show a strong contrast to the laqueatum, while, in 
addition, its less size and less inflation prove it different from the 
magnum. 

The great expansion of the posterior slope into an almost au- 
riculated margin, is highly distinctive of it as a new species. 


Crassatella capri-cranium. Plate V., fig. 2. 


Specific character.—Shell ovate, oblong, compressed, sub-rostrate, 
rather thin, with coarse, obtuse, transverse wrinkles, and fine trans- 
verse strie; a prominent sinus extends from the beak to the an- 
terior termination of the inferior margin; truncated anteriorly, at 
a right angle to the base; margin slightly concave at the lunule, 
which is deep, wide and ovate; inferior margin delicately crenu- 
lated within. Length, one inch four-tenths; breadth, two inches 
two-tenths. 

Locality, peninsula, between the Potomac and Rappahannock 
rivers, in Virginia, in the Eocene. Mp 


Remarks.—This species may readily be distinguished from the 
C. melina, which it somewhat resembles, by its less thickness, and 
by the crenulation on its inner margin, but especially by its differ- 
ent outline being much more contracted on its anterior side. 


Fasciolaria rhomboidea. Plate V., fig. 3. 


Specific character.—Shell turreted, fusiform, and nearly smooth, 
greatest dilatation about the middle, spire conical, whorls convex, 
with longitudinal, obsolete or interrupted strie, the lower seven or 
eight upon the body whorl, and those upon the upper whorls, be- 
ing distinct and slightly undulated. On the body whorl are ten or 
eleven very faint, brown, narrow, longitudinal lines, three of which 
are traceable upon the spire. Transverse strie, distinct, moderately 
distant, and arcuated. Aperture a little less than two-thirds the 
length of the shell, columella arcuated, plicated with three very 
oblique folds, the middle one the most elevated, labium delicately 
striated within the edge, beak slightly recurved. Length, two inches 
four-tenths; breadth, one inch two-tenths. 

Locality, Surry county, Virginia, Miocene. 

Deseription.—This is a thin shell, though not difficult to procure 
entire. From the /. mutabilis, the only other species of our Tertiary, 
it will readily be known by the greater length and arcuation of its 
beak, by its less regularly fusiform outline, and by the difference in 
the number of its whorls, and of the plications on the columella. 
The high preservation of the specimen from which the description 
has been taken, permits us to trace upon its whorls its longitudinal 
coloured bands, affording a very interesting specific character. 
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DEscRIPTION OF THE PLATES. 


Prats I. 


Figure 1. Turritella ter-striata. 
Figure 2. Zurritella quadri-striata. 
Figure 3. Natica perspectiva. 
Figure 4. Fissurella catilliformis. 
Figure 5. Arca protracta. 

Figure 6. Lucina speciosa. 

Figure 7. Venus cortinaria. 


Prate II, 


Figure 1. Ostrea sinuosa. 
Figure 2. Cytherea ovata. 


Prate III. 


Figure 1. Cytherea lenticularis. 
Figure 2. Cucullea onochela. 


Prate IY. 


Figure 1. Cucullea transversa. 
Figure 2. Venericardia ascia. 


PLATE VY. 


Figure 1. Cardium quadrans. 
Figure 2. Crassatella capri-cranium. 
Figure 3. Fasciolaria rhomboidea. 
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OBSERVATIONS ON THE NaAtuRAL CokE AND THE ASSOCTI- 
ATED IGNEOUS AND ALTERED Rocks oF THE OOLITE 
Coat Region IN THE Viciniry oF Ricumonp, Vir- 
GINIA. 


From Proceepines or THz Boston Socinty or Naturau History, 1854~56, Vou. V. 


In the district on the north side of the James river, where the 
most yaluable seam of coke has been explored, it is at present 
wrought by two vertical shafts. In that nearest the outcrop, the 
coke is reached at 112 feet from the surface; in the other at 207 
feet, the dip of the coal measures being nearly west, and at a low 
angle. A third shaft, recently wrought, which lies nearer the mar- 
gin of the basin than either of the preceding, cuts the stratum of 
coke at the depth of 90 feet. A bed of whinstone, or coarse gray 
trap, is intercalated in the coal measures of this part of the basin, 
intersecting the two first mentioned shafts, but cropping out a little 
west of the third. This bed is met with in the deepest and most 
western of the shafts, at a distance of about 100 feet from the sur- 
face, and is more than 30 feet thick where it is cut through: but in 
the next shaft it is struck at a depth of less than 30 feet, and has 
thinned down to about half the preceding thickness. 

One of the most remarkable effects produced by this igneous 
bed is seen in the stratum of carbonaceous fire-clay which lies next 
beneath. This, which in the second shaft has a thickness of eleven 
feet, has been greatly indurated, and made to assume a columnar 
structure, by which the whole mass is converted into a congeries of 
closely packed five and six sided prisms, often quite regular, usually 
about half an inch in diameter, and always at right angles to the 
lower surface of the trap. <A portion of this bed, originally occu- 
pied by impure coaly matter, presents the same columnar structure, 
but the material is a compact plumbaginous coke, with much earthy 
matter intermixed. The general aspect of the gray part of this bed 
strongly resembles that of the coarser varieties of fire-brick after 
they have been long exposed to intense heat. This is what might 


be expected, for in the bed in question we have the very materials 


of fire-brick, and in the overlying trap we have a source of igneous 
action which, in the originally molten condition of this substance, 
could not fail to work great changes in the contiguous strata. This 
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columnar indurated clay, or natural fire-brick, when recently broken, 
emits a most offensive odor, partly that of sulphuretted hydrogen, 
and partly, perhaps, caused by a sulphuret of carbon. 

At the depth of about seventy feet below the bottom of the trap 
occurs the bed of natural coke, for the mining of which chiefly 
these openings have been made. This interval below the fire-clay 
is occupied by bluish and drab argillaceous and sandy slates, with 
some worn sandstone, the former abounding in impressions of 
plants, among which may be noted Equisetum columnare, Zamites 
obtusifolius, and Teniopteris magnifolia—fcrms which, many years 
ago, I pointed out as marking the Odlite age of these coal-bearing 
strata. The baking action of the trap is curiously shown in all these 
fossils. The coaly matter of the stems and fronds when closely 
examined is seen to be blebby or blistered. It is in fact coke, 
which, while it retains the outlines and stronger markings of the 
plant, has in its partial fusion obliterated all the finer characters of 
the organized surface. 

The coke, where it has been successfully mined, forms a bed 
about five feet thick, including but little slate, and presenting a 
nearly homogeneous mass of a bluish-black color, uniformly vesicu- 
lar, and light enough to float in water. It retains only a minute 
fraction of the volatile ingredients of the unaltered bituminous coal 
of this region, but it ignites readily, and burns like the compacter 
kinds of ordinary coke. Throughout the bed, but especially towards 
the top, it presents a partially columnar structure. Where this 
structure is marked, the coke is found to crepitate when heated. In 
some localities on the south side of the James river, where the 
whole mass of coal and adjoining shale has been rendered complete- 
ly columnar, the material, in the process of heating, breaks up with 
explosions like the crack of a pistol, at the same time projecting its 
fragments to some distance from the grate. 

The gradually diminishing influence of the trap bed as we recede 
downwards, is illustrated by the section in one of the shafts which 
embraces a thickness of fifty feet of strata below the seam of coke 
above described. After passing through indurated fire-clay, lying 
immediately beneath the coke, we have a thickness of about twenty 
feet of slates, followed by a thin seam of semi-coke, or coky coal— 
more bituminous below than at the top; and after this, descending 
through some twenty feet more slates and sandstones, we come 
upon a bed of bituminous coal, which appears to have sustained no 
alteration beyond the development throughout the mass of a colum- 
nar structure. In the deepest of the three shafts, the seam now 
wrought, under the intelligent direction of Colonel Worth, corre- 
sponds to the coky coal above described, the lower layer retaining 
much of its original bitumen. In all these workings, the gradation 
of metamorphic influence is beautifully marked within a distance of 
less than fifty feet of strata, from the greatly altered shale or fire- 
clay, immediately beneath the trap, through the successive slates 
and coke seams, to the unchanged bituminous coal at the bottom of 
the section. 
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REPORT. 


To the President and Directors of the Pridevale Iron Oo. 


GENTLEMEN: The following report of the mining resources of 
the Pridevale Iron Company, will be found more detailed and spe- 
cific than was contemplated, when the geological examination of 
the property was first proposed. ‘This has arisen from the variety and 
minuteness of the observations which I have found it necessary to 
make. Had I met with a seam of Ore of the great thickness and ex- 
tent which rumor so often vaguely ascribes to these deposits, I could 
in a short time, have made all the examinations necessary, to assure 
the Company of a solid foundation for enterprise, and to guide in the 
mining operations which would be required. But in the Pridevale 
tract, as in the coal regions of Virginia and Pennsylvania generally, 
the seams of Iron Ore are not large, and are fluctuating. I have 
therefore, felt it to be vital to the interests of the Company, that I 
should examine every layer of Ore on or near the Company’s land, 
in order to Jearn, in the first place, whether from these multiplied 
sources, notwithstanding the absence of any large deposit, an ade- 
quate supply of Ore could be anticipated; and, in the second place, 
by a comparison of their character, thickness and continuity, to 
form a safe judgment as to which beds are the most desirable for 
use, and the most to be relied on for permanency. 

With these views I have visited every opening of importance 
within the limits of the property, as well as many in the neighbor- 
hood, and I have included in my examinations the Coal seams, and 
beds of Fire-clay and Limestone of each locality. The result of this 
extensive exploration, has been the conviction that the Anna, Henry 
Clay and Woodgrove furnaces, can each command an’ adequate sup- 
‘ply of Ores of various composition and richness, and that by a 
judicious mining of the better varieties, the products of the Furnace 
and Rolling-mill may be impressed with the best qualities which 
the several uses of the metal demand. : 

As a knowledge of the geological place in the associated rocks, 
of the several layers of Iron Ore, Coal, or Limestone, is essential 
to the successful tracing of their outcrop, and therefore to the de- 
termination of their continuity, and the area which they cover, I 
have made it an object of prominent importance to ascertain the 
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succession, and, as nearly as time and means would permit, to meas- 
ure the thickness of each band of Sandstone, Slate, Shale, or Lime- 
stone, included in the tract, and to locate in their proper places the 
layers of Ore and beds of Coal and Fire-clay. 

The results I have embodied in a graphical form, in two Geologi- 
cal Sections, representing the several beds of rock, and their included 
valuable deposits. 

Section A is intended simply to show the succession and relative 
thickness of the several strata, from the great Limestone beneath 
the Coal-Measures, up to the Sandstone which lies over the Big 
Coal. This, I believe, includes all the important bands of Rock, 
Ore, Coal, Fire-clay and Limestone, within the limits of the Pride- 
vale tract. In this section, the strata are represented as lying layer 
upon layer, in horizontal beds, so as together to form a vertical 
column. In reality, however, such is not their position. While 
they maintain the order of succession exhibited in this vertical sec- 
tion, or geological column, they are placed in positions more or less 
inclined, having, with a few exceptions, on the Pridevale tract, a 
descending slope or dip towards the northwest. 

Section B is designed to represent the altitudes, as well as the 
dimensions and order of the strata. It indicates the general con- 
tour of the land on the north side of the Cheat River, and includes 
_ the geological structure of the tract, extending from the centre of 
Lavrel Hill to the hill containing the Big Coal at the western limit of 
the Company’s property. In this section will be found indicated 
the place at which the several bands or seams of Ore and Coal come 
to the surface, or crop out, and the points where, in virtue of their 
sloping position, they are made to dip beneath the level of the 
river. For the sake of clearness, and to avoid the inconvenience of 
great length, a less scale has been used for the horizontal than for 
the vertical measures. This has the effect of steepening the dips, 
and thus giving the desired prominence to the structural features 
of the section. 

It should be understood that neither of these Sections claims to 
be minutely accurate or complete. A much longer time, with all the 
resources of a topographical survey, would be requisite to furnish 
the materials for a really exact picture of the economical geology of 
this region. The want of even an appropriate topographical map 
has added greatly to the labor of compiling in the field the repre- 
sentations here given of its geology. But it will, I think, be found, 
that a great practical object has been secured in determining the ~ 
order of succession of the strata and their valuable contents, in trac- 
ing many of them along their outcrop, and in measuring their 
thicknesses and distances asunder. 

It must be remembered, that the sections have been constructed 
with reference to the formations as they present themselves on or 
near the Cheat River above and below the Anna Furnace—and will 
not, in all their details, be found applicable to the vicinity of the 
Woodgrove Furnace. Even in this short interval, some of the sub- 
ordinate divisions of the Coal-Measures undergo important changes 
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of composition and thickness; and these alterations affect also the 
Coal, Iron Ore and other materials associated with them. 

Hereafter, should a more thorough and detailed survey of the 
whole tract be undertaken, I would recommend, as of much practi- 
cal value, a vertical and a transverse geological section for this 
vicinity; but, meanwhile, some of the more important changes 
which present themselves at Woodgrove will be found noted in the 
body of this Report. : 

In presenting the result of my observations, it will be conven- 
ient, as well as useful, to classify them under the following heads :— 

Of the General Geological Structure of the District. 

Of the several Groups of Ore Beds. 

General Remarks on the Ores. 

Of the Coal-Seams. 

Of the Limestones. 

Of the Fire-Clays. 


Or tue GeneraL GroLogy oF THE DisTRIOT. 


The Laurel Hill range, upon and along the western flank of which 
the company’s land is situated, is a broad, moderately elevated 
mountain, prolonged from Pennsylvania, in a S. W. direction, for 
some thirty miles into Virginia, and forming the last conspicuous | 
swell in the area of the coal-bearing rocks. The strata comprising 
this mountain present what is called an anticlinal structure—that 
is, they come downwards from its centre towards the opposite sides 
of the ridge, and form, when unbroken, a continuous arch, the flat 
crown of which corresponds to the centre of the mountain. This 
_is clearly seen in Section B. The inclination or dip of the strata, 
on the northwest side of the mountain, is towards the northwest; 
that on the opposite side, towards the southeast. This structure 
is clearly revealed, in the grand gorge, or winding transverse val- 
ley, by which the Cheat River passes through the Laurel Hill. 

Here, about midway between the opposite flanks of the range, 
are seen the peculiar sandstones and slates of a formation geological- 
ly far below the true Coal Measures, but which sometimes includes 
a thin and delusive coal seam. These rocks form the upper part of 
the Vespertine series of Virginia and Pennsylvania geology. In a 
broad arch, externally concentric with this, is the group of reddish 
and buff sandstones and soft red shales, associated with a thick mass 
of limestone, and terminated above by dark shales, including several 
valuable layers of Iron Ore. This is the Umbral series of the Virginia 
and Pennsylvania geology. The limestone and other hard rocks of 
this group form, on the sides of the great water-gap of the Cheat 
River, a line of cliffs in a long arch, high in the face of the hill, but 
still far below the true mountain summit. Next above, and exterior 
to this arch of umbral limestone, and overlying red and iron-bearing 
shales, is the lowest division of the true Coal-Measures—the Seral 
series of the Pennsylvania and Virginia geology. This is the great 
Seral Conglomerate or the Millstone-grit of geologists. It is a 
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coarse and often pebbly grey sandstone, in massive beds; and when 
not removed by denudation, is seen crowning the mountain with 
lofty mural cliffs, such as the Raven rocks, the remnants of a con- 
tinuous mass, which once bent over the mountain in a grand, 
unbroken arch. Fortunately for the iron manufacturer, this thick 
cover of rock has been swept away, over large depressed areas on 
the top and brow of the mountain, and access has thus been given 
to the Iron Ores, imbedded in the next subjacent strata. 

Above the great conglomerate, the series of strata embraces 
sandstones, often conglomeritic, slates, shales and limestones, with 
beds of Coal and Fire-clay, and layers of Iron Ore, all included 
under the general title of Coal-Measures or the Seral rocks of the 
Virginia and Pennsylvania geology. The general dip of these strata 
on the western slope of Laurel Hill, is towards the northwest, but 
becomes more nearly horizontal, and even takes a very feeble oppo- 
site dip, as we recede in that direction. This flattening and some- 
times slight reversal of the dip, as indicated in Section B, has evi- 
dently the effect of maintaining the limestones of the Quarry Hill 
high in their extension westward into the hill of the Big Coal, and 
to give that seam a greater elevation above the river, than with an 
undiminished western dip it would have maintained. 

The Coal Measures included in the Pridevale property, consist of 
_the Older Coal group, the Older Barren shales, and the lower part 
of Newer Coal group. The Older coal group extends from the top » 
of the great Conglomerate or Cliff rock, to the top of the lesser cliff, 
which lies above the Four-feet vein of Coal. Within this interval, 
generally, two or more workable seams of coal are included. The 
Older Barren shales occupy the inferval between the top of the less- 
er Cliff rock above mentioned, and the Big or Seven-feet Coal. This 
group is chiefly composed of red or variegated shales, calcareous 
sandstones and ochreous limestones, and usually contains very little 
available coal. 

The Newer Coal group contains, at its lower limit, the Big Coal, 
over which, as at Eclipse Rock, is usually a heavy mass of sandstone, 
and still higher in the series, two or three workable seams of coal. 
But these are geologically too high to be contained in eyen the lofti- 
est hills on the Pridevale side of the Monongaliela, and are met with 
for the first time on the high grounds, some distance west of that 
stream. 


Or Tue Tron Ores. 


For the sake of greater clearness of description, and as a guide 
for future explorations, I think it expedient to group the several 
Ore-beds thus far discovered, according to certain geological bound- 
aries, Which are, for the most part, sufficiently marked to be easily 
determined. It must. be borne in mind, however, that this group- 
ing does not necessarily imply any special agreement in composition 
or richness of the ores so associated, although in some of the groups 
such a resemblance actually exists. 


— he a ee «. 
~~ 


685 


The 1st or Martin Group of Ores. 


The First or lowest group of Ores, of which the Martin Ore may 
be taken as the type, is embraced in a mass of black, buff and brown- 
ish shales, and greenish shaly sandstones, lying beneath the con- 
glomerate, and having an aggregate thickness, varying from forty to 
fifty feet. This mass is separated from the conglomerate proper by 
some twenty or thirty feet of a rather fine-grained and tough sand- 
stone, of a buff color, which is usually exposed at the base of the 
great cliff. 

The Ores of this group are, of course, accessible where the moun- 
tain is traversed by the river; but, in this position, are in general 
deeply covered and obscured by the accumulation of fragments of 
the conglomerate which have fallen from the cliff. They are, how- 
ever, laid bare extensively on the high grounds near the centre of 
the Laurel Hill range, where, by great denuding action, the arching 
cover of the conglomerate has been swept off. Such are the con- 
ditions under which they have been found at the head waters of 
Quarry Run and its branches, and of Middle Run—the former flow- 
ing by the Henry Clay, and the latter by the Woodgrove Furnaces. 
Beginning with the lowest band or bed of Ore included in the group, 
I shall travel upwards, describing each in succession, as regards 
chemical character, geological position and other particulars bearing 
on its economical value, as far as these have been ascertained. 

The First or lowest Ore of the Martin group, is that called by the 
miners the Red-belt Ore. This lies a few feet above the first de- 
posit of red shale met with in this region, under the great con- 
glomerate, and is hence very easily traced and identified. It has 
been mined along the outcrop quite extensively by benching in the 
immediate vicinity of the Henry Clay Furnace. It is here chiefly a 
Hematite and is of fair quality, probably a forty per cent. ore when 
selected. In the benches no opportunity was presented for estimat- 
ing the thickness of the bed. About a quarter of a mile below the 
Furnace at the Meeting-house, it has been drifted on by Carr, who 
states its thickness at eighteen inches; but the drift having fallen in, 
I was unable to verify his statement. At this point the Ore is 
Nodular Carbonate, rather coarse but heavy, and would, no doubt, 
produce well. It is almost certain that at some distance from the 
out-crop, and under a thick cover of rock, this bed would consist 
almost exclusively of the Nodular Carbonate, the Hematite found 
along the outcrop being due to the modifying action of the atmos- 
phere upon the exposed carbonate. 

Besides the line of exposure, and of accessible mining of this ore, 
on the west and northwest side of the Quarry Run, ranging above 
and below the Furnace, in all about half a mile, the /ted-belt Ore, 
rising with the rocks in an eastwardly direction, shows itself at 
various places along the slope of the hill on the eastern side of the 
Run, in the neighbourhood of Carr’s dwelling. 

The Second Ore of the present group is that known at the mines 
connected chiefly with the Henry Clay Furnace, as the Martin Ore, 
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and at those which were wrought for Woodgrove, as the Gum 
Spring, or Ross Ore. These, I have satisfied myself, occupy the 
same geological position, and they agree in composition and in the 
associated rocks. This Martin Ore is separated from the Red-belt 
by some twenty-five to thirty feet of flaggy sandstones and shales, 
furnishing beds of excellent material for grindstones. It has been 
wrought by benching in a winding line along the face of the hills 
around the sources of Quarry Run and other neighboring streams, 
through a distance, on the Pridevale property, which, continuously 
measured, would probably amount to two miles. In all these open- 
ings I found, by the specimens left on the banks, that the ore is of 
nearly a uniform quality, being a blue nodular carbonate of iron, of 
rather fine grain, covered with a rich scale of red oxide. The ore is 
embedded in black and ochreous shales, and consists partly of 
nodules, placed at irregular intervals in parallel horizontal courses, 
and partly of one or more layers of nodules, thicker and more 
closely placed. At the locality wrought by Mr. McKelvy last 
year, where alone I had an opportunity of inspecting the face of 
the ore, I found, in the upper ten feet of shales exposed in the 
bench, four courses of nodules, equivalent, I think, to a continuous 
bed of six inches. Below these, and separated from one another 
by eighteen inches of the same shales, are the two main courses 
or layers, amounting together to about twelve inches. In some 
places, the aggregate thickness would perhaps be greater; in others, 
much less. 

The shales associated with these layers, so far as seen exposed, 
are soft and crumbling, and have therefore greatly favored the deep 
benching which has already been so extensively carried into them. 
Along the line of these openings, there are many intervals where 
the same mode of mining may yet be continued; but the great body 
of the ore in these localities can only be reached by a systematic 
plan of drift mining, for which favorable positions could easily be 
found. 

It isto be borne in mind, that the Martin Ore along a part of its 
outcrop on the Pridevale property, has not been mined in any way. 
The long hill-side, where the Hematite Ore is now mined, must, at a 
lower level, contain this Ore, and would offer a favorable position 
for reaching it by stripping and shallow benching; and the same 
remark applies to the slope connected. with the former, which lies 
nearly opposite to, but somewhat further up the turnpike, than the 
Martin banks, near the old Furnace. It is highly desirable to have 
this Ore traced and proved along the range referred to, as well as in 
other blank spaces which have not been benched upon. It is a pro- 
ductive ore, and seems to have been mined advantageously along the 
whole extent of the openings. ~ 

The Gum Springs or Ross Openings, are chiefly in this Ore. 
These are situated in the slopes surrounding the head waters of a 
stream lying between Quarry and Middle Runs, and being nearer 
to Woodgrove Furnace, were wrought, I believe, entirely for its use. 
Judging by the fragments of ore left on the benches, it does not 
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differ from the material obtained at the Martin Ore Diggings above 
described, and its geological position is the same. 

The great Clitf Rock is seen on the hill above its outcrop at a 
level vertically over it of some forty feet. The benches exposed 
black and ochreous shales, and are continued along the edge of a deep 
winding valley, for upwards of half a mile. The scattered nodules 
of the upper part of the bench would be equivalent to a layer of 
three inches. The lower layers were covered up by the fallen 
shale; but according to Carr, who wrought the mine last, they con- 
sisted of two adjacent courses, in all about twelve inches, a thick- 
ness probably not overstated. 

The Third Ore of the Martin group is what, from its mineral as- 
sociation, may be termed the Flint Hematite. Its position, geo- 
logically, is some twenty or twenty-five feet above the Martin bed, 
and like the latter, it is enclosed in a mass of black and drab and 
ochreous crumbling shales. The chief mining in this Ore is in a line 
of benching along the eastern face of the hill, which forms the 
western boundary of the comparatively level ground marked by the 
old mines of the Rock and Martin Ores. Here its long line of out- 
crop affords favorable opportunities for drifting, as well as bench 
work. It has already been mentioned, that the Martin Ore ought 
to be explored, in a parallel line in a lower level, and I may here 
add, that the Rock Ore, or next higher bed, is to be worked for a 
short distance above it; but, as yet, the operations in this hill have 
been confined to the Flint Hematite. 

In the drift now advancing in this bed, I found the Ore proper 
in the form of an irregular stratum, varying from one to two feet in 
thickness, consisting of a dark brown, rather compact Limonite, or 
Earthy Hematite, including nodules or lumps of clay, and resting 
on a mass some two feet thick, of a nearly flinty rock, which occa- 
sionally passes into an impure ore. I observed, also, in the overly- 
ing shales, irregular seams of an earthy variety of pipe Ore. From 
this line of workings we may count with some confidence on an av- 
erage thickness of fourteen inches, and I think we may estimate the 
strength of the ore, when properly culled, at not less than forty-two 
per cent. But care is needed at the ore heap to prevent too great 
an intermixture of earthy matter with the good ore. The large 
lumps obtained from the mine ought all to be broken, to release the 
ore from much of the included or adhering earth and flinty ma- 
terial. 

The Fourth Ore of the Martin group is that known variously 
among the miners as the Rock Ore and England Ore. This occurs 
also in dark crumbling shales, at a height of from twelve to fifteen 
feet above the Hematite, or thirty to forty feet above the Martin 
Ore. It has been very extensively mined by drifts and benches, on 
the level high grounds, from which the conglomerate has been 
swept off in the centre of the Laurel Hill axis. In the low hill, at 
the upper extremity of the railroad to Henry Clay, and near the 
head of Quarry Run, it forms a nearly horizontal sheet, at a small 
depth below the surface. Here it has been removed around the 
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outcrop, and has been entered on nearly every side by drifts, leav- 
ing, I apprehend, but a small fraction of the original mass of ore in 
its place, and that in a condition difficult to be mined. There are 
points, however, in this locality, where, perhaps, it may be advan- 
tageously entered, although the remaining area of ore is certainly 
not great. 

In the old drift, which was reopened for our inspection, I 
found the Rock Ore to consist of a layer of large nodules or suggans, 
as the miners call them, consisting of rich blue carbonate, about five 
inches thick, associated with a dark bluish and purplish Rock Ore, 
made up of round granules, of a dark purplish brown color, em- 
bedded in a bluish paste. This is properly an Oolitic or J’ish- roe 
Ore, a mixture of oxide and carbonate of iron, and passes into an 
oolitic limestone, with which, without some care, it is liable to be 
confounded. Excluding the limestone, I could not, from the ex- 
posure in the drift, form any exact estimate of its thickness; but 
the two Ores together may, I think, be set down at ten inches. The 
miners who have worked in this locality, affirm it to have been 
much thicker ; but it appears to have been in this respect remarka- 
bly fluctuating. 

The England or Rock Ore, cropping higher than either the Mar- 
tin or Hematite Ores, should be sought for along the whole extent 
of the hill-sides, where either of these ores have been benched 
upon; and should the ore prove as good as in the old mines above 
described, the extent of accessible outcrop thus exposed will im- 
part to this bed great value. 

The Fifth or last Ore of this group is a meagre, flaggy ore, inter- 
mixed with some good knots of Brown Limonite, which is obtained 
by surface stripping and shallow benching in the neighborhood of 
the Rock Ore mines, and is found in the olive shales and shaly sand- 
stones that overlie the dark crumbly shales, in which the Rock Ore 
is embedded. No sufficiently extensive openings have been made in 
this layer to determine its value. Should it prove of real impor- 
tance, it would be accessible along a great extent of outcrop. 

From the geological position of the group of Ores just treated 
of, it is evident that they must crop out in all localities where the _ 
strata next below the Great Conglomerate have been laid bare by 
denuding causes. As the lower ledge of the Conglomerate rises 
from the bed of the Cheat, a short distance below the mouth of 
Quarry Run, and thence ascends to arch over the mountain, this 
stream has there carved its channel in strata subjacent to the Con- 
glomerate, and not far removed from the beds, including the Martin 
group of Ores. Indeed, it has for some time been known that the 
Red-belt Ore shows itself in this immediate vicinity; and in the 
course of my late explorations, I found beneath the Great Cliff, a 
considerable thickness of dark shales, exposing nodular Ore cor- 
responding to the Martin or England beds. This locality is about 
one-eighth of a mile northwest of the mouth of Quarry Run, and 
is undoubtedly the geological place of these ores. But whether the 
beds would prove as rich and thick here as where the heavy cliff 
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has been removed, is a point only to be settled by actual mining on 
the spot. On both sides of Quarry Run, near the Henry Clay Fur- 
nace, these ores must also take their place. None of them, however, 
but the Red-delt has yet been explored or mined in that vicinity. 


The 2nd, or Stratford Group of Ores. 


The Second group of Ores, of which the Stratford may be as- 
sumed as the type, is included between the top of the Great Con- 
glomerate and the next superior mass of heavy bedded rocks. This 
overlying mass isa rather coarse argillaceous sandstone, from twenty 
to twenty-five feet thick, forming, where well exposed, a distinct 
cliff, which, being the first mass of hard rocks above the Stratford 
group of ores, becomes a valuable guide in following their outcrop. 
The interval between the Conglomerate and this—which we may 
call the Stratford Cliff Rock—is occupied by olive, buff and blackish 
shales, passing into greenish and brown flaggy sandstones, and in- 
cluding thin beds of quite compact gray sandstone. 

The lowest of this important group of Ore beds, is that opened at 
Nick Carr’s bank and which we may designate as the Carr Ore. 
Its place, geologically, is some twenty-five or thirty feet above the 
Great Conglomerate, and its crop is seen on the turnpike, near the 
horse trough. At OCarr’s opening, about-halfa mile northwest of the 
Henry Clay Furnace, in the upper six or seven feet of the bench, 
are scattered nodules of rich Carbonate, at the base a course of 
bluish Plate or Flag Ore, in large oblong masses, from six to seven 
inches thick. These are regularly laminated, the layers being: 
marked by different tints in the crop fracture, giving the whole 
mass the appearance of a laminated sandstone, or sandy slate, into 
which, indeed, the bed occasionally degenerates. The laminar sur- 
faces of this as well as the adjacent slates and sandstones, are oc- 
cupied by carbonized remains of leayes and other vegetable im- 
pressions. The whole mass, including the nodules above, may be 
estimated at ten inches. It is a heavy ore, found to work well at 
the Anna Furnace, and promises to be persistent. Below the heavy 
plate is a layer of much poorer Rock or Sandstone Ore, some fifteen 
inches thick, and a few feet lower is a thin coal seam, the first met 
with above the Conglomerate. 

The Second Ore of the Stratford group, is the Stratford Ore 
proper. This lies about twenty feet higher in the strata than the 
preceding, and is separated from it by a coal seam, which at some 
points is said to be three feet thick—it is certainly, I think, as much 
as two feet. The ore liesin bluish or lead-gray shales, and where 
inspected by me, in a drift on the mountain road, consists of three 
courses of flat nodules and larger roundish masses of blue argilla- 
ceous Carbonate, making an aggregate thickness of about ten inches. 
A long line of benching has been pursued on the outcrop of this 
ore, eastward of the drift in question, and from what I heard and 
observed, these mines have furnished a large amount of ore. The 
ore is a compact, sometimes rather rough and sandy Carbonate, but 
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it will yield well for an ore of this class. The shales along the 
outcrop are crumbly and easily removed; but in the drifts examined, 
they show a degree of compactness which must add somewhat to 
the cost of mining. These as well as the Carr Ore have a long 
line of outcrop yet untouched, to which hereafter attention may be 
properly directed. 

Above the true Stratford bed, at a distance of about twenty-five 
feet, we met with the Zhird Ore of the present group, the Black- 
band Ore. This, as indicated in its name, occurs in a mass of black 
and dark gray shale, the crop of which is seen on the Mountain road, 
a short distance west of the Stratford drift. This should not be 
confounded with the peculiar black carbonaceous ore found in the 
Scotch and English coal-measures known as the Black-band, and 
which is of a black color. In the present case it is not the ore, but 
the associated shale, that has that hue. Still farther west, or down 
the mountain, it has been opened below the road, at a point ad- 
joining the old opening of the Stratford Ore. Here the Black-band 
discloses itself in two courses of large irregular nodules of good ore, 
in all about eight inches thick, the upper course consisting of car- 
bonate with brown oxide; the lower chiefly of the unaltered car- 
bonate. This Ore is to be looked for above the Stratford band, 
along its outcrop generally. At the old opening just referred to, 
owing to a slip or displacement of the strata, the Ore could not be 
confidently pursued. 

Above the black shales of this bed are sandy slates, and olive 
and bluish shales and flaggy sandstones, occupying a thickness of 
about thirty-five feet. These in the outcrop on the Turnpike give 
some indications of Ore, and mark, as I think, the general position of 
the ore beds recently opened on the Duval Creek and on Middle 
Run. 

The former of these openings, a little more than one mile north 
east of the Anna Furnace, exposes a thick mass of bluish-gray sandy 
shales, the lamine of which are crowded with the remains of plants. 
Near the top is a layer of nodular blue carbonate of excellent qual- 
ity, below this, two courses of large nodular masses or suggans of. 
inferior quality, and at bottom another layer of the heavy nodules, 
making in all about five inches of good and about ten inches of a 
poorer but still available ore. This mine is near the dwelling of 
John Coles, by whom it is worked, and is not on, but adjoining the 
Pridevale property. 

The other opening, known as Sam Cole’s Mine, embraces both sides 
of Middle Run, and brings to view a similar series of bluish sandy 
fossiliferous shales. In the upper part of the bench are a few small 
nodules of heavy blue ore; beneath these a plate, about two inches 
thick, of sandy but moderately good ore; and at bottom a layer from 
twelve to twenty-one inches thick, composed sometimes of large 
suggans of a rather meagre but probably available shelly ore, in- 
closed in shale, and sometimes of a rather variable bed of highly fer- 
ruginous bluish shale, which, taken in the mass, can be of little or no 
value as an ore. 
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Further up the stream both here and at the preceding locality, 
we should look for the lower Stratford Ores before mentioned, and 
between the openings on Middle Run and the old Stratford Mines 
on the Turnpike, a distance of more than two miles, there is great 
scope for mining in all these layers of ore, by benching as well as 
by drifts. 

The recent opening on the Mountain Turnpike, near the Horse 
trough, is evidently in the upper beds of the Stratford group, and 
from the general richness of the layers exposed, gives promise of a 
persistent value in these, as well as the lower Stratford Ores. This 
should encourage exploration along their outcrop close in towards 
the base of the Stratford Cliff rock above described, 


The 8d, or Norris Group of Ores. 


This assemblage of Ore-beds is included between the upper limits 
of the Stratford Cliff rock, and the bottom of the four-feet vein of 
coal, an interval of about one hundred and ninety feet, embracing 
shales and shaly sandstones and beds of Coal and Fire-clay, and in 
some localities one or two: thin and variable courses of Limestone. 

The lowest of this group, the Norris Ore, has its place near the 
upper limit of a mass of shales and shaly sandstones, which, in geo- 
logical position, is next superior to the Stratford Cliff rock. This 
ore is found in and directly beneath the bed of Fire-clay which sup- 
ports the Norris vein of coal. It is chiefly a brown oxide or earthy 
hematite of good quality. Above the Coal, which at some points is 
a good seam, three to four feet thick, is another mass of Fire-clay, 
of a compact and fine grain, called here Whetstone, and which has 
been very largely dug for the manufacture of Fire Brick. Resting 
on this is a thin plate of coal. Little ore is found in the upper 
Fire-clay but I learn that a good thickness was mined in the benches 
extending through the lower Fire-clay. The openings of the Norris 
Ore have been thus far confined to so much of the broad slope of 
the mountain west of the Stratford Cliff Rock, and lying over it, as 
intervenes between the Mountain road and the head of the next 
great hollow towards the North. Here the Fire-clay and Ore have 
been benched upon over quite a large surface. There -is still, I 
think, a good extent of the outcrop of this ore, and the associated 
valuable materials which remain untouched. 

Above the Norris Ceal, and separated from it by some twenty 
or twenty-five feet of shales, occurs the Second Ore bed of the present 
group, Which, from its usual association with limestone, we may eall 
the Limestone Ore bed. It lies a few feet beneath a thin coal. seam, 
and is associated with Fire-clay, Shale, and a rather ferruginous 
Limestone, into which, at places, the ore seems to graduate. No 
important opening has, 1 believe, been made in this Ore bed, and its 
value remains to be determined by future explorations. 

Passing an interval of some thirty feet, occupied by shales and 
shaly sandstones, in which no ore has yet been explored, we reach 
the level of another thin coal vein, above which, in the gray and 
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buff sandstones and sandy shales, occurs the Third Ore bed of the 
present group—the one recently opened by Clellan in the hollow, 
about three-quarters of a mile east by north of the Anna Furnaces; 
this lies a few hundred yards higher up the hollow than the drift of 
the four-feet coal once wrought here. In the bench thus far laid 
bare, are three courses of nodules in bluish sandy shale; below these 
a thin layer of coarse plate ore, and at the bottom of the bench, a 
double flag of laminated sandstone, about twelve inches in thick- 
ness, impregnated with carbonate of ir on; another course of sand- 
stone, containing still less iron, lies some fifteen inches beneath the 
latter. The twelve inch flag above mentioned, is in large part 
nothing better than a ferruginous sandstone, and will I think, be 
found worthless as an ore. In the mass, it certainly cannot contain 
over ten per cent. of iron. Parts of the upper layer, and all the 
heavy nodules are of pretty good quality, but, unless the opening 
should prove more productive of good ore than at present, I would 
advise its being abandoned. Search should be made in the shales 
some twenty feet above, and as much below, for other and perhaps 
more favorable openings. This interval appears on Decker’s Creek 
to have furnished some good ore. 

It is, I think, in the space next above the Clellan Ore, that we 
are to place the "Ashby Ore of the Woodgrove tract, which therefore, 
provisionally, we may designate as the Fourth ore of the present 
group. The Ashby Ore has been extensively mined, by benching 
around the face of the hill, on the south side of the valley of Middle 
Run, between one- -quarter and a half mile from Woodgrove Fur- 
nace. It occurs in a drab ochreous shale, associated. with black, 
crumbling slate, and probably a thin plate of coal. The mining 
having been discontinued some years, no opportunity was afforded 
for determining the thickness of the bed. From the miner who had 
wrought in this ore, I learned that it lay irregularly in the shale, 
sometimes a foot, and sometimes much less in thickness. The frag- 
ments left on the benches, prove it to have been a brown oxide ore 
of good quality. The old benching has, I think, removed as much 
of the ore from this line, as can be conveniently or cheaply reached 
by this method; but the line of benching admits of being extended, 
and this ore merits an ear ly exploration, as its quality, and its vicin- 
ity to Woodgrove, would give it, if in suflicient quantity, very great 
value. 

A Hematite has been opened on the face of the hill, on the oppo- 
site side of the run, which seems to correspond in eeological position 
to the Ashby Ore. The extent of this will probably soon be made 
known. 

Returning now to the section in the vicinity of the Anna Fur- 
nace, we meet, at the height of some fifty feet above the Clellan Ore, 
a bed of Fire-clay, containing at bottom nodules of ore, and overlaid 
by the small coal seam known as the Blacksmith vein. These are 
immediately overlaid by a mass of heavy bedded argillaceous sand- 
stone, which, at a short interval is capped by the Four-feet Coal. 
The ore beneath this ledge, and associated with the Blacksmith vein, 
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is now being explored along the turnpike, at a short distance below 
the ledge in question, and was formerly dug into further up the 
road, a little below its level. It here furnished some good brown 
oxide. 

Above the sandstone just mentioned, which was here a thickness 
of upwards of twenty feet (although entirely wanting on Decker’s 
Oreek,) we meet the fire-clay and shales subjacent to the Four-feet 
Coal. In these there occurs what here, as well as at Decker’s Creek, 
has Jong been known under the name of the Swisher Ore. This was 
at one time largely mined on Decker’s Creek, where it formed a 
band of from six to ten inches of heavy carbonate and oxide, and 
was accompanied by a stratum of limestone. This limestone band 
is absent in the vicinity of the Anna Furnace. 

Considering the coal seam at Woodgrove as the equivalent of the 
Four-feet vein of the Anna Furnace, the limestone ore which is 
found beneath that seam would correspond nearly, if not exactly, in 
geological place with the Swisher Ore. Where examined by me, in 
the drift near the Meeting house a little northeast of the Furnace, 
this ore forms an irregular bed, lying upon, and more or less blend- 
ing with, an argillaceous limestone—the two together making a thick- 
ness of two feet, of which one-third may be estimated as ore. Two 
feet of calcareous Fire-clay intervene between the ore and the bot- 
tom of the coal, the thickness of which, at this drift, is about three 
feet. The ore is, throughout, more or less calcareous and argilla- 
ceous, but in the main it is a rather rich carbonate of iron. 

An Ore, corresponding in position and character to the Swisher 
Ore, has been opened at the head of the hollow in which Olelilan’s 
mine is situated, and is known as the Butler Ore. It occurs beneath, 
and quite near the Four-feet vein of coal, which crops out on the 
ridge at a short distance higher. up, and from its richness and re- 
puted thickness, deserves to be carefully examined along the exten- 
sive line of outcrop in which it is here accessible. 


The 4th, or Haines & Snake-Den Group of Ores. 


This group is included between the Four-feet and Two-and-a- 
half-feet seams of Coal—an interval of about one hundred and eighty 
feet—composed below chiefly of coarse and sometimes conglomer- 
itic sandstones, and above, of crumbly argillaceous and calcareous 
shales. 

At the Anna Furnace, it consists of two belts, the first or lower 
of which has been for some years mined under the name of the 
Haines Ore. The Haines Ore lies in a mass of buff and olive shales, 
some twenty feet in thickness, interposed between the two very 
thick masses of sandstone which are largely exposed in the hill-side 
immediately east of the Furnace. The lower of these masses, about 
forty-five feet in thickness, forms the cliff next above the Four-feet 
Coal; and the upper mass, which is thicker, and includes beds of 
coarse millstone conglomerate, and which in its western dip sinks 
below the Cheat, a little west of the Furnace, forms the cliff at a 
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still greater elevation. The Haines ore bed in this vicinity has been 
mined at several points, and has furnished a brown oxide of very 
good quality. It is accessible at numerous places along its outcrop, 
in the lowest bench of Laurel Hill, from the Anna to Woodgrove 
Furnace. On the slope east of Duvall’s, (the old Post-Office,) on 
both sides of the stream which flows past John Cole’s opening in 
the Stratford Ore, at a distance of about one-and-a-half miles from 
the Anna Furnace, this ore has been mined extensively, and some 
of the benches recently wrought have been found quite productive 
both as to the quality and thickness of the bed. 

In the immediate neighborhood of the Woodgrove Furnace, tle 
Ore which I deem geologically equivalent to the Haines Ore, may 
be traced for a considerable distance along its outcrop. It lies in 
the shales separating the two cliffs of sandstone, which display them- 
selves in parallel ranges in the hill, extending from opposite Wood- 
grove, in a northeast direction, along the margin of the northern fork 
of Middle Run. Here I found the shales to contain nodular Carbon- 
ate of Iron, and I have no doubt that some ore of this description 
has been mined in the benches of the vicinity; but most of the 
Haines ore here, as well as near the Anna Furnace, is the brown 
oxide produced by the decomposition of the carbonate. In the re- 
cent explorations, from one-third to one-half a mile above the Wood- 
grove Furnace, in this line of outcrop, the Oxide or coarse Hematite 
is exposed in a thickness of from six to fourteen inches. 

Near the Anna Furnace this ore appears to have been uniformly 
of good quality, often in very large irregular lumps, approaching the 
character of hematite, and in beds varying from six to twelve or 
fourteen inches. Hitherto it has been mined exclusively by strip- 
ping and benching. 

As the Haines Ore is one of the most persistent in thickness, 
and one of the purest and richest brown ores met with in this re- 
gion, it deserves to be systematically pursued throughout its entire 
outcrop, and in suitable places to be explored by drifting. 

The Utt Ore of the Woodgrove neighborhood, occurs at a lower 
level in the rocks than the Haines Ore. At the old diggings, about 
one mile northeast of the furnace, this ore is seen in a fire clay 
shale, a few feet below a heavy bedded sandstone, corresponding, I 
think, to the lower of the two cliffs before mentioned. Twelve or 
fifteen feet below the ore, a coal seam about three feet thick has 
been opened, which I am inclined to regard as the main Woodgrove 
vein. The Utt Ore would, in this view, be in the shales immediately 
above this coal, and beneath the lower of the two cliff rocks. Where 
exposed, it is a meagre brown oxide, and would seem scarcely wor- 
thy of further pursuit. 

The Second Ore within the geological limits now treated of, 
does not present itself clearly at the Anna Furnace, but forms a very 
important bed at Woodgrove, where it is known under the title of 
Snake-den Ore. The position of the Snake-den Ore at Woodgrove, 
is ata level some twenty feet above the upper cliff rock, at the 
Woodgrove Furnace, and about fifty feet lower than the coal seam 
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of that vicinity, which I regard as identical with the Two-and-a-half 
feet vein of the Anna Furnace. 

The Snake-den Ore at Woodgrove has been traced and partially 
benched on the hill westward of the furnace, following, at a short 
fnterval, the upper level of the cliff rock, and with this descending 
westward, until it sinks below the bed of Middle Run, about half a 
mile below the furnace. It consists usually of a single course of 
massive rock-ore, varying from five to ten inches in thickness, over- 
laid by crumbling shales and clay. It is divided by rectangular 
joints or natural partings, into blocks of a square form, which in 
mining are readily separated from the bed, and lifted without any 
mixture of impurities. The ore is in reality a bluish rock, at times 
sandy and micaceous, highly charged with carbonate of iron, which 
for some depth, and often throughout, has been converted into red 
oxide of iron. In the unchanged interior it contains quite a con- 
siderable proportion of carbonate of lime, along with carbonate of 
iron, and taken in mass, as presented in the ore heap, is to be re- 
garded as decidedly calcareous ore. It is unquestionably well charged 
with iron, but deserves a very careful analysis for its lime and other 
ingredients. The form of the land along and near its outcrop, will 
render it accessible by shallow and easy benching over a large sur- 
face, and its persistency throughout the extensive line over which it 
has been explored, gives assurance of itsabundance. From the gen- 
eral shallowness of its cover throughout this range, we may antici- 
pate no material diminution in the oxide crust, or shelly portion of 
the ore. 

A careful examination of the geological place occupied by this 
belt of ore at Woodgrove, both in regard to the small coal] seam 
above, and the cliff sandstone below it, leaves no doubt as to the 
position in which it should be found in the neighborhood of the 
Anna Furnace. This would place it among the olive shales and 
shaly sandstones on the river road, beneath the store, a short dis- 
tance lower down the river than the Furnace. Here, however, it 
does not present itself in a regular bed, as at Woodgrove, but in 
the form of nodular masses, bluish within, and deeply covered with 
a brown scale, occurring rather sparsely in one or more thin beds of 
whitish fire-clay shale. The ore, both internally and externally, re- 
sembles the best of that which is mined near Woodgrove; but thus 
far, at this point, it has not disclosed itself as an available bed or 
seam. 

Asthe Snake-den Ore has been clearly traced from the Spring 
Hill Furnace to Woodgrove, and from the latter point to within 
half a mile of the Anna Furnace, its absence, in any available amount, 
directly at the Furnace, should not discourage efforts to find it on 
the property of the Company, within this as yet imperfectly ex- 
plored interval. There can be no doubt that the ore formerly dug 
at Baker’s, half a mile distant, belongs to this band. The Two-and- 
a-half-feet Coal, which forms a valuable guide in this tracing—lying 
high in the shaly hill facing these openings on the west—shows it- 
self in a field somewhat nearer the Furnace, and is evidently caught 
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just at its outcrop, in the slope of Meeting-House Hill, as it descends 
towards the brook north of therailroad. The form of the ground 
in this vicinity is such asto make it certain that the strata, includ- 
ing the Ore—and we may hope, therefore, the Ore itself crops out 
in the hollow of this brook, at a lower geological level, however, 
and therefore somewhat further west than the hill-slope on which 
the coal-wash has been exposed. 

It is a point worthy of special note, but which seems hitherto to 
have escaped detection, that the Snake-den Ore, in chemical and 
mineralogical characters, bears the closest resemblance to the Scott 
ore, which, on Decker’s creek, and at the Clinton Furnace, has 
proved so permanently productive. Their identity in regard to 
geological position is not so susceptible of exact determination ; 
but my observations on Booth’s creek, near the Clinton Furnace, 
were sufficient to prove that the Scott Ore lies in the same general 
belt of rocks with the Snake-den Ore, and is truly, in that region, 
its equivalent. A systematic and thorough exploration of the 
ground here referred to, by means of ditches, or costines, ought 
early to be made, as the vein of ore, if in force here, would, from 
its proximity to the Furnace, be of very great value. 

The deposits of Ore next to be mentioned, are strictly speaking, 
partly within and partly above the limits of the present group. 
These deposits consist of an earthy and sandy brown oxide, found 
very near the surface of the level tract which extends from the 
Anna Furnace, for some distance along the base of Laurel Hill. 
The ore has been dug at several points quite near the Furnace, and 
at Bowers and other places in the neighborhood. At all these 
localities it occurs in the loose sand and gravel which overspread 
the flat, and it is not directly associated with any of the subjacent 
strata. Considered in regard to its origin it belongs to the class of 
bog ores, formed by the infiltration of water, charged with iron, 
into the loose surface materials. Deposits of ore of this kind natu- 
rally suggest the proximity of ore beds of original formation, from 
which the water has derived its charge; and in many cases bad 
ores are actually traceable to this source. But it even more fre- 
quently happens that the infiltration comes, not from seams or 
deposits of ore, but from shales and slates containing much diffused 
sulphuret of iron, which, through the action of the air and water, 
furnishes soluble compounds of the metal to the percolating rains. 
The ore of these superficial diggings near the Anna Furnace, is 
often quite rich, and being accessible over quite a large area, is of 
some value as a local resource. 


The 5th, or Big Coal Group of Ores. 


The Fifth and last group of ores included in the Pridevale prop- 
erty, lies in the interval between the Two-and-a-half-feet Coal and 
the bottom of the Big Coal or Seven-feet vein. With the exception 
of bands situated near the bottom of the Big-Coal, these ores are 
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all limestone ores, or have been derived by oxidation from ores of 
that class. 

The First of this group of ore beds has not yet been distinctly 
recognized on the northeast or Pridevale side of the river, but is 
well exposed on the opposite side, on the old Morgantown road, a 
few hundred feet beyond the lower ferry house. Its place is well 
marked by a coal seam of about twelve inches, lying above and 
separated from it by eighteen feet of yellowish and brown shales. 
This ore is a sandy argillaceous knotty rock, forming a bed of about 
twelve inches thickness, bluish within, but rapidily exfoliating in 
scales of brown oxide: In quality it much resembles the Snake- 
den Ore, but it is more calcareous. Proof is yet wanting of its con- 
tinuity over any considerable space. The same belt of shales, 
examined on a ridge about a quarter of a mile higher up the river, 
disclosed to me very little of the ore. Followed under deep cover, 
it cannot be expected to maintain its character; but from the 
absence of the oxide crust, will probably exhibit too large a pro- 
portion of the other ingredients. 

This bed merits further search on both sides of the river. Its 
place in the limestone hill would be near its upper end, at some 
twenty feet above the Coke-Railroad, and about thirty feet below 
a thin coal, which in the section is marked (A). 

Contiguous to this coal seam, both above and beneath, a very 
meagre earthy ore is found, which has been mined at various points 
in the hollow north of the Coke Yard. This is asseciated with cal- 
careous shale and fire-clay and consists of mere shells of ferruginous 
sand and clay, too poor in iron to be worth mining. I will, there- 
fore, not enumerate this as one of the available ores. 

At a level from twenty to thirty feet higher than the Small 
Coal, already mentioned, and separated from it by shales, sandstone 
and a considerable bed of yellowish limestone, we meet with a 
very remarkable ore bed, which has thus far, however, proved too 
- thin to be of much value. This is wrought by a drift on the east- 
ern flank of the Big Coal hill. It is associated with calcareous 
shale and impure limestone ore, but the band itself is a very pon- 
derous nodular ore of a deep colcothar brown color, so rich and 
pure, that if reduced to powder, it would no doubt, form a good 
pigment, similar to Spanish brown. Its thickness thus far, has not 
averaged more than two inches. 

Above this level, the limestones and limestone shales which oc- 
cupy a good part of the next one hundred feet of strata, present, 
where decomposed by exposure, shelly fragments of yellowish and 
brown earthy ore; but this being the product of purely surface 
action, gives no true evidence of beds of ore. Ata still higher level, 
within thirty feet of the bottom of the Big Coal, occurs another 
thin plate of coal, below which, in the fire-clay shales, we meet 
with irregular courses of limestone and of ore. These materials are 
exposed in numerous diggings near the crest of the limestone hill, 
and again on the road approaching the Big Coal. Some thin plates 
of rich carbonate have been found in the shales occupying this 
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position, at one or two points in the limestone hill; but here, and at 
the openings near the Big Coal, the ore is principally made up of 
concentric shells of earthy brown oxide, with large interspaces occu- 
pied by yellowish clay and sand. Where freed from the great ex- 
cess of earthy matter, this ore will-be found valuable for mixing 
with heavier and more refractory materials. A similar but richer 
ore, having the same geological position, has been opened by Moore 
on his own land, adjoining Hastie’s on the opposite side of the 
Cheat. These ores being, I think, in great part the product of a 
decomposed ferruginous limestone and shale, lying near the surface, 
will become poorer and more calcareous when followed under a 
deep covering of rock. But in the localities mentioned, they range 
for a wide space near enough to the surface to retain their character 
of oxide ores. 

I now come to the Jast belt of ores of this group: that included 
in the fire-clay and shales, extending below the Big Coal, through a 
depth of from twenty to twenty-five feet. This, at some localities, is 
a belt of great importance, as well from the persistency as from the 
richness of the ore. At Oliphant’s Furnace, northeast of the Anna, 
about seven miles, it consists of a fine-grained, compact, rich nodu- 
lar or plate carbonate of iron, from five to six inches thick, within a 
few feet of the bottom of the Big Coal. Similar plate and nodular 
ore has been mined beneath this coal, on the hill of the Eclipse 
Rock, below Pridevale. Under the mouth of the coal mine, two 
drifts have been carried for a short distance into the shales under 
the Big Coal in search of ore. The lower of these exposed a plate of 
very rich blue carbonate or Oliphant Ore, but too thin to encourage 
further pursuit. In the upper drift, the roof of which is a foot or 
two below the bottom of the Big Coal, the light bluish argillaceous 
shales include several scattered courses of small nodules, and one 
course of large suggans, all of a bluish white color, and rich in car- 
bonate of iron. Near the coal openings, these shales have, by strip- 
pings, furnished a large proportion of similar ore; and at the mouth - 
of the coal mine, a ditch recently dug for the purpose of draining the 
works, in penetrating the fire-clay shales for some three or four feet 
below the coal, has disclosed the same nodules and suggans. Judg- 
ing from the amount of ore seen at these openings, I would estimate 
the contents of the fire-clay shales, in a depth of six feet, in this 
agi locality, as equivalent to a plate of ore of about eight 
inches. 

On the neighboring coal-hill, at a distance of about fifteen feet 
below the coal, benchings are now in progress which furnish a 
coarser ore of the same description, which, from the name of the 
operator, may be designated the Collins Ore. These openings dis- 
play scattered nodules of heavy blue ore, forming from three to five 
courses in a thickness of five feet of soft, crumbling shale, and be- 
neath these a mass of flaggy ore separating in thick plates, with 
rounded edges, sometimes covered with a dark brown seale. The 
whole thickness accessible in these openings, is from nine to twelve 
inches, the greater part of which is a moderately rich carbonate ore. 
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As this Ore is obviously a laminated shale, heavily charged with 
carbonate of tron, and is therefore part of the original stratification, 
there is no probability of its being changed in quality when traced 
inward from the outcrop, more than in any other direction; and 
there is therefore good inducement for hereafter following it into 
the hill by drifts. 

As the area underlaid by this Ore on the Pridevale property is 
not very extensive, even supposing the ore to continue equally val- 
uable throughout, I have made some examinations on the opposite 
side of the Cheat River, on the lands of Hastie, Stilwell, Haco and 
Coombs, to learn its range and probable thickness in that direction. 
At Hastie’s and Stilwell’s, a rich nodular carbonate is found, in the 
shales beneath the Big Coal; but the absence of any regular open- 
ings prevented my learning anything definite in regard to the num- 
ber and thickness of the ayers. On Haco’s land it has been imper- 
fectly exposed on the margin of a small brook, and is said by the 
proprietor and others to occur in two courses, of which however, I 
could see but one. This is from one and a half to two inches thick, 
and is of the very finest quality of blue carbonate. On the margin 
of another brook, but a short distance from the preceding, on 
Coombs’s property I found, in place of the shales, a band of similar 
ore, varying from three to five inches, and numerous fragments of 
the thin plate ore, which obviously lies a few feet below the other. 
In this locality, therefore, six inches of the heavy fine-grained car- 
bonate or Oliphant Ore, are accessible. The distance of this point 
from the Anna Furnace is something more than one-and a-half 
miles. These ores, if present in the neighborhood of Woodgrove, 
are of course confined to the range of the Big Coal, which lies high 
in the hills adjoining the Cheat River, and therefore beyond the 
Pridevale tract. 


GENERAL REMARKS ON THE ORES. 


It should be borne in mind, as a matter of much economical in- 
terest, that the ore formations consist of shales and shaly sandstones, 
containing a general impregnation of carbonate of iron, which, in 
particular layers, becomes the predominating ingredient, forming 
flags and nodular courses of good ore; and that as the ore gradu- 
ates by insensible degrees, into the shaly mass, much skill and vigi- 
lance will be necessary to prevent the substitution of a merely fer- 
ruginous rock for the ore, which it so much resembles. 

It should also be remembered, that the productiveness of an ore 
bed along the outcrop, where mined by stripping or shallow bench- 
ing, does not necessarily increase, as often supposed, or even continue 
the same, when the ore is pursued by drifting under a deeper cover 
of rock. Asa general rule, the brown oxide ores of the coal meas- 
ures are the product of chemical changes, due to the access of the 
air and water to the blue nodular or carbonate ore, which appears 
to have been very generally the original form in which the iron was 
accumulated in the carboniferous strata. Hence, when followed far 
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under the rocks, these Brown Ores or Limonites, are commonly, al- 
though not always, seen to pass into the condition of blue nodules 
of carbonate, with ochreous scales, and finally into the solid and 
unchanged blue Jumps. 

The Brown Ore, when tolerably free from earthy matter, is 
richer in metallic iron than the best blue lump met with in the 
coal measures. The former often contains more than one-half its 
weight of metal; the latter is of good average quality when it at- 
tains to one third. In the case of the Haines Ore and the Snake- 
den Ore, the form of the ground along the outcrop is such as to 
afford a comparatively wide belt, under shallow cover, and thus to 
favor the complete oxidation of the mass, even for some distance 
within the immediate line of outcrop. Similar remarks are applica- 
ble to the limestone ores. These being principally derived from 
beds and nodular courses of limestone, highly charged with carbon- 
ate of iron, are found, at and near the outcrop, to consist of a light 
brown ore, generally in irregular concentric shells, including earthy 
matter, the residue of the limestone after the solution and removal 
of its carbonate of iron. When pursued under deep cover, such 
ores may be expected to pass into massive unchanged limestone 
rocks. 

The blue nodular carbonate and plate Ore, being an original con- 
stituent of the strata, is not necessarily subject to change of composi- 
tion when followed under cover by drifting, but when thus explored, 
will show only such alterations of thickness and purity as belonged 
to it when first. deposited or collected by segregation in the strata ; 
such will be found to be the result with the Red-belt and Martin 
Ores, and with the Carr and Stratford and Collins beds. In these 
cases the only change to be anticipated, is the disappearance of the 
brown oxide scales which usually enclose the lumps and plates, at 
and near the outcrop, and these, in the cases mentioned, form an 
inconsiderable part of the mass. The Snake-den Ore, being in its 
unchanged condition, a rocky bluish carbonate of good quality, may 
be expected, even when pursued far under cover, to retain its value 
as a carbonate ore; but will, of course, be less productive than an 
equal weight of the brown oxide, into which it bas been trans- 
formed, along the outcrop and under shallow cover. 

‘As a general rule, it should be remembered that the shales with 
which the ores are almost always associated, are softer and more 
easily mined along the outcrop than under deep cover, and hence, 
usually, the ores can be obtained at less cost by stripping or shallow 
benching, than by mining in drifts. The relative cost of the two 
methods will, of course, depend not only on the nature of the ma- 
terial, but upon the comparative proximity to the Furnace of the 
respective mines. It will be seen in the details already given, that 
many of the principal Ore beds of the Pridevale tract, have already 
been stripped and benched over a considerable extent of their out- 
crop. But even in these cases, long lines remain untouched, while, as 
regards some gather layers of Ore, little more than a beginning has 
been made in surface mining. The Red-Belt and Martin Ores, the 
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two principal Stratford Ores, the Swisher and Haines Ores, the Snake- 
den and the Collins Ores, have each in reserve a long line of outcrop, 
portions of which will be within convenient reach of each of the three 
Furnaces. 

The Anna Furnace is more remote than either of the others 
from most of the productive openings now mined. But it will be 
seen, by inspecting the transverse section B, that between the Fur- 
nace and the mouth of Quarry Run—a distance not exceeding one 
mile—the Ores of the lower and middle groups lie in a series of 
parellel northwest dipping layers or plates, extending from their 
outcrop on the brow and slope of Laurel Hill, down to the river 
level, and therefore presenting their edges along the side of the 
mountain which fronts the river. Here is an important field for 
exploration, and should the Martin, Stratford and other Ores at these 
points, prove as good and abundant as at some of the remoter open- 
ings, it may be found more economical to obtain the Ores by drifts, 
entering along or near the base of the hill, and near the Furnace, 
than to transport them, although more cheaply mined, from the dis- 
tant outcrop openings. 


Or tHe Coat SEAMS. 


Including the numerous thin beds or plates of coal, which, at 
various intervals, are interpolated in the rocks of this district, we 
may enumerate twelve and perhaps thirteen distinct Coal Seams. 
Of these, however, only jive are to be regarded as of any economi- 
cal value, viz: the Norris vein, the Blacksmith vein, the Two-and- 
a-half Feet vein, the Four Feet vein—marked five feet in the section 
—and the Big Coal, or Seven Feet vein. Among them, the last two 
mentioned are by far the most valuable. A brief reference to the 
more marked of the others, however, cannot be without interest 
and importance, since even a thin plate of coal is often a most valu- 
able guide in seeking for ores, and in determining their geological 
position. 

The lowest two seams are associated with the Stratford Ores—the 
lowest of all being a few feet beneath Carr’s Ore, and the other be- 
tween this and the old Stratford Ore. Of these, the former alone 
appears to attain considerable thickness, having at some points, ac- 
cording to Carr, a breast of about three feet; but of this measure- 
ment I have no evidence from my own observations. The Norris 
vein, at its outcrop in the ore and whetstone diggings, I found to 
measure more than four feet; but this is, no doubt, beyond its aver- 
age thickness, and is, moreover, inclusive of a good deal of carbona- 
ceous slate. Of the quality of this coal I cannot speak, as it appears 
never to have been brought into use; but on the outcrop I found it 
to be slaty. The Blacksmith vein, where mined at the crop on the 
hill side, southwest of Sheets’ Hollow, was about eighteen inches 
thick. It was greatly esteemed for blacksmiths’ use, and was re- 
sorted to before the discovery of the larger, or Four Feet vein above 
it; of its persistency in quality and thickness I have no means of 
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forming an opinion. All these coals would descend below the level 
of the Cheat, east of the Furnace, and at distances as indicated on 
the Horizontal Section, more and more remote, in proportion to the 
lowness of their position in the series of inclined strata. Hach of 
them, however, in its extension upwards and laterally, would under- 
lie a very large area on the Pridevale estate. 

The vein called the Four Feet vein is unquestionably the most 
important belonging to the property, extending, as I think it does, . 
from the Anna Furnace to Woodgrove, and spreading upwards with 
the rise of the strata eastward, so as to underlie a zone of many 
hundred, and probably more than a thousand acres. In the neigh- 
borhood of the Anna Furnace it consists of two benches, divided 
by a thin and variable layer of carbonaceous slate—the lower bench 
measuring three feet two inches, the upper sixteen to eighteen 
inches. At Barney’s, on the flank of the mountain, its thickness 
appears to have been about the same. In the neighborhood of 
Woodgrove it is somewhat thinner, and owing to a slight disloca- 
tion, connected with an undulation of the strata near the furnace, 
the coal has been pinched and disturbed by the adjacent heavy 
rocks. 

At Beatie’s drift, adjoining the Furnace, it yielded only two feet 
of coal. In the drifts northeast of this, it is said to have varied 
from two-and-a-half to four feet. During the summer, when steam 
power at Woodgrove takes the place of the water power of Middle 
River, this coal has, I learn, been found very efficient in driving 
the engine, and for such an use the supply of coal from it would, I 
think, be ample, without resorting to the big seam on the river hill, 
a mile below. 

In future mining, however, I would suggest opening the seam 
some distance up the valley northeast of the Furnace; as by that 
means, not only would a greater area of the coal be conveniently 
commanded, but the workings would be less influenced by the undu- 
lation which traverses the strata in the vicinity of the Furnace. Like 
all the coals uplifted by the arch of Laurel Hill, the coal of the four 
feet seam has a strikingly cubical fracture. No analysis has yet been 
made, to determine its ash, bitumen, etc.; but, judging by its ap- 
pearance, I would rank it among the coals having from twenty to 
twenty-five per cent. of volatile matter. Whether it is a sufficiently 
dry coal to admit of being used in the raw state in the reducing 
furnace, can only be determined by trial. 

Of the extent to which the mining already conducted in it has 
exhausted this plate of coal, I have no means of ascertaining; but 
from what I have learned of previous workings, I presume that no 
great impression has been made on the mass. Hitherto, the mining 
has been confined to the lower, or three feet bench, the dividing 
slate serving as a good roof for the works. The Two-and-a-half- 
Jeet vein, lying from one hundred and fifty to one hundred and sey- 
enty feet higher in the strata, descends to the Cheat River near the 
Foundry, and has been opened by benching, and by drifts in the low, 
terrace-like hill which is prolonged from the Furnace westward. 
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The same vein is also wrought for local use, at several points in a 
northeasterly direction, between this and Woodgrove. It shows 
itself in a heavy smut on the road three-quarters of a mile south- 
_ west of that place, and is, I conceive, identical with a seam which 
has been drifted on in the valley of Middle Run, half a mile below 
the Woodgrove Furnace. 

Passing over the two or three thin and variable plates of coal 
that intervene, I come now to consider the Big Coal, or Seven Feet 
vein. This fine coal seam, wherever it occurs in the Monongahela 
valley, is marked by an overlying thick mass of heavy bedded coarse 
sandstone, capping the high hills, and in many instances forming a 
lofty cliff impending over the mouth of the mine. Its available 
thickness of coal varies, in different neighborhoods, from six-and-a- 
half to nine feet. In the drifts below the Eclipse Rock, where I 
measured it, I found the main or lower bench, at different points, 
5'5 feet, 5°8 feet, 5°9 and 6:4 feet, and on an average in this hill, not 
less than five feet ten inches. In this bench there are no slaty part- 
ings, except one very thin film uear the top. Generally, above the 
main bench there is another of considerable thickness, with a thin 
layer of slate interposed, and still higher, two other much thinner 
plates. By the disappearance of the lower slaty land, the two are 
thrown into one unbroken mass, and sometimes the upper slates 
also disappear, and the seam assumes its maximum dimensions. At 
the mouth of the drift above mentioned, the following measures 
were taken in the descending order :— 


Miata Onagls.).. 20 Sica oe oie a 6 inches. 
OOS) Sn oe ee a 2 feet 

DRUMNMIRLL CLR Ie Le 9 inches 

PUMSTE TS. DART: A Sodus 2s £8 med! 

Coal, upper Bench,........----++++++-+s B10.. 3 

OS OS ees ea eae Rilo 

Coal, main Bench,.........--.++++ ++ eee: 5 feet 9 inches. 


The coal of the Big vein is highly bituminous, flames abundantly, 
and produces a good coke, the value of which has been already 
tested in the Furnace. The area of this coal seam included in the 
Company’s property is in all about sixteen acres, ten of which are 
in the Big Hills, and the remainder in the adjacent height above 
Collins Ore banks. 

The river hill, about one mile northwest of Woodgrove Furnace, 
and beyond the limits of the Company’s Jand, contains an area of 
about six acres of the same vein, the mining right of which belongs 
also to the Company. This, in connection with any future exten- 
sion of the operations at that furnace, must prove a very valuable 
resource. At the mouth of the mine, on the hill-side fronting the 
river, I found the bed nearly horizontal, with a slight declension 
towards the southeast. The face of the seam presented the follow- 
ing divisions in measure: 


‘PlatelofsGoal): .st). lca! nah. Se 7 inches. 


Black Slateyeot/ s :swi..aicld 5 ou ee 1B. vist 
Plate of ‘Ooalsicsu.2.weuls. ieee gaa eee Gonts 
Black Slate; Jnacwalis oven Lee Ls tt! 
Main Coals ..0s\/ia bk ado 6 feet 2 inches. 


Or THE LIMESTONES. 


In the lower division of the coal-measures, including, as already 
defined, all the strata from the base of the great Conglomerate to 
the top of the Four feet seam of coal, no considerable masses of 
Limestone are found anywhere in the coal basin in Virginia or 
Pennsylvania. But Limestone strata exist at some depth below the 
Conglomerate, and also in the higher divisions of the coal-measures, 
both below and above the main upper coals. 

On the land of the Company, the Limestone rocks of both these 
geological belts exist in ample abundance; using the ascending order, 
I shall speak first of the Limestone below the Conglomerate. This 
lies at a distance of several hundred feet beneath that formation— 
from which it is separated, as shown in the section, by the group of 
Martin ores, and the underlying red and variegated shales and sand- 
stones. It is seen cropping out at some points in the mountain 
slope, eastward about a mile from Quarry Run, whence it has been 
obtained for the Henry Clay Furnace, and is well exposed in a low 
northwest dipping shelf, on the opposite side of Cheat River, about 
half a mile above the mouth of this stream. It forms a low and 
very broad anticlinal arch, in the heart of Laurel Hill, rising to- 
wards the Raven Rocks, in a line of cliff, far below the great Con- 
glomerate, and then gently descending, further up the stream, to dis- 
appear below its level, towards the opposite or southeast side of 
Laurel Hill. Where fully exposed, its total thickness would amount 
to about one hundred feet, including in this estimate the lower sandy 
and shaly beds. But the upper portion of the mass is a pure, light 
blue compact Limestone, including some beds which are crowded 
with shells and other marine animal remains. 

This rock is well suited asa flux, and burns into a pure white 
lime. 

The Limestone of the lower coal-measures consists of irregular 
thin beds, which are not continuous, usually found in two positions, 
the one below the so-called Limestone Ore and Coal, and the other 
below the Four-feet vein; the former is found in Sheets’ Hollow, 
but is not continued to the road where the Coal and Ore show their 
crops. The latter is absent in the neighborhood of the Anna Fur- 
nace, but makes its appearance beneath the Three-feet Coal, (the 
equivalent of the Four-feet), at and around Woodgrove. As we ap- 
proach the Two-and-a-half feet vein of Coal, the shales begin to show 
a marked proportion of diffused calcareous matter, and to contain 
knots of impure ochreous Limestone, which at some localities, as at 
Baker’s, form one or more continuous bands of a shaly Limestone 
rock. About eighty feet higher than this, irregular courses of yel- 
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lowish limestone present themselves, and we now pass into an alter- 
nation of yellowish and bluish Limestone, and variously colored 
shales and sandstones, in all, a thickness of limestone rock of about 
twenty feet. Above this, but still beneath the Big Coal, are two and 
sometimes three thin and very variable courses of shaly and ochreous 
Limestone, associated with the shelly and earthy ore beds of this 
division of the series. 

All the Limestones of the belt last spoken of, are of the argil- 
laceous kind, and all of them contain carbonate of iron. In most 
- of the layers, the latter ingredient is in such large proportion as to 
impart an“ochreous yellow color to the surface, after exposure to 
the air. In many cases, the more thorough decomposition of the 
rock gives rise to a.yellowish brown crumbling earthy mass, which is 
in fact a very meagre ironore. The bluish Limestone, which, after 
being some time exposed to the weather, contracts but little of this 
ochreous hue, is generally the purest of these varieties of the rock, 
but. either will be found to serve well as a flux in the reducing fur- 
nace. 

Judging from some experiments which I made several years ago 
on limestones from the same belt, in another neighborhood, I think 
it probable that some of the bands above referred to, would furnish 
a valuable hydraulic lime. 


Or tue Fire-CLtay AND WHETSTONE. 


Beneath each of the Coal Seams, small as well as great, is found 
a stratum of Fire-clay. This, when pure, is a very intimate mixture 
of Alumina and Silica, (pure clay and sand,) and when of fine tex- 
ture, is an admirable material for the manufacture of fire-bricks and 
crucibles. A compact variety of very even and fine texture occurs, 
associated with the Norris Ore and Coal, and has been extensively 
used in the manufacture of fire-brick at the Ferry. It has some- 
times a hardness approaching that of rock, and is known in the 
neighborhood by the title of Whetstone, but a more appropriate 
name would be indurated Fire-clay. The bricks made from it have 
been found of excellent quality. 

The Norris bed has as yet been opened only along the face of 
the mountain, at the distance of more than a mile from the Fur- 
nace; but its dip must bring it down the side of the hill below 
the turnpike, within a third of a mile of the Furnace; and I have 
already satisfied myself of its existence in this position. 

Besides the Norris bed, other strata of Fire-clay of available 
character may be resorted to when needed. 

Wm. B. Rogers. 

June 28th, 1854. 
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THE 


GRAVEL AND COBBLE-STONE DEPOSITS 


OF 


VIRGINIA AND THE MIDDLE STATES. 


On tHE GRAVEL AND CopsLE-sToNE Deposits or Vir- 
GINIA AND THE MippiLE STATES. 


From Procerpines or Boston Society or Natura History, 1875. 


The surface deposits here referred to are extensively exposed in 
many parts of the belt which marks the junction of the older rocks 
with the tertiary and upper secondary formations in the Middle 
States. These deposits, especially in the great river valleys and 
adjoining slopes, as at Richmond and Washington, consist chiefly of 
layers of quartz gravel, like the surface gravel of the adjoining pri- 
mary region, and of larger smoothly rolled masses derived from the 
silicious slates, quartzites and sandstones of remoter tracts lying to 
the west and northwest, mingled and interstratified with ferruginous 
sands and clays, which impart to the mass a more or less reddish 
color. 

In most localities, the larger pebbles are found in the upper part 
of the deposit, often strewing the surface thickly where the finer 
matter has been removed either by natural erosion or in the prog- 
ress of improvement, as may be seen at numerous exposures in and 
around Washington. In other cases, as at Alexandria and at Rich- 
mond, the cobble-stone deposit is usually overlaid by stratified sand 
and gravel of considerable thickness. It is from these sources that 
the cities of Richmond, Washington, Baltimore and Philadelphia, 
have been supplied with the paving materials at one time so gen- 
erally in use. 

In a pile of such paving stones in Richmond, Virginia, many 
years ago, I found a large pebble of compact vitreous sandstone, 
containing distinct impressions of Scolithus linearis, the well-known 
characteristic fossil of the Primal or Potsdam formation, having its 
nearest outcrop on the western side of the Blue Ridge. In subse- 
quent observations, especially those recently made in and around 
Richmond, Washington, and Georgetown, I have found that a con- 
siderable proportion of this pebbly or cobble-stone deposit consists of 
fragments of the harder silicious Paleozoic rocks and has therefore 
been derived from the Appalachian belt. Indeed, so common are the 
fossiliferous fragments, that an observer can hardly fail to discover 
them at any excavations where the coarser materials are exposed, as 
well as in the piles of cobble-stones in the neighborhood. 

In the specimens exhibited to illustrate this paper, collected 


710 


chiefly at Washington and Richmond, it will be seen that the casts 
of Scolithus are very distinct and abundant. These masses are from 
two to six inches in diameter, but in some of the localities much 
larger specimens may be seen crowded with the fossil. Along with 
them are occasionally found rounded masses or cobbles of fossilifer- 
ous sandstone and of conglomerate, referable to higher positions in 
the Appalachian series, ranging probably to the carboniferous rocks. 
The absence from these deposits of fragments derived from the lime- 
stones, shales and argillaceous slates of the Appalachian belt, is 
readily accounted for by the comparative ease with which such ma- 
terials would be disintegrated by the mechanical and chemical ac- 
tions concerned in their transportation and deposition, and the same 
explanation accounts for the fact that so few fragments of the gran- 
ites, schists, and gneissoid and hornblendic rocks of the wide inter- 
vening belt have been preserved in this formation, and that it re- 
tains little distinctly representing these rocks, except an abundance 
of quartz gravel and cobbles, derived from them. 

The deposit in question extends at Washington over the entire plain 
on which the city is built, having an average elevation of seventy-five 
feet, and rising on the north to about one hundred feet above mean 
tide. Thence it spreads over the adjoining slopes, covering the high 
ground on which Columbian College is situated, and the still higher 
hill of the Soldiers’ Home, which is more than two hundred feet 
above tide. At the latter locality the rolled fragments have a less 
average size than at the lower level, though still often several inches 
in diameter. In the neighborhood of the Capitol, and in the railroad 
cutting near the Navy Yard, they are often as much as a foot in di- 
ameter, and a recent excavation near Georgetown, some forty feet 
above the creek, has brought to light masses of these transported 
rounded rocks of still greater dimensions, some of them large enough 
to be called boulders. 

Although the surface formation in question shows itself in, and 
adjoining, the valleys of all the principal streams in the Middle 
States, the fragments of Paleozoic rocks have thus far been observed 
only in the deposit as exposed in those river valleys which penetrate 
westward and northwestward as far as, or into, the Appalachian belt. 
It is reserved for further observation to ascertain whether they are 
wholly absent from the shorter valleys, and also to determine to 
what extent the general deposit is continued from valley to valley 
over the intermediate higher grounds. 

Although from the facts thus far observed, it would seem that 
the transporting agency by which these deposits were accumulated 
was chiefly or wholly operative in the lines of the river valleys, the 
great height to which, as before stated, the deposit reaches, shows 
that the relative level of the water, or probably ice, concerned in the 
transportation, must have been much above the water level as it now 
exists, and that the then actual river valleys were of correspondingly 
greater width. The distances over which the fragments of Appa- 
lachian rocks found in these surface deposits have been carried, may 
be judged from the following facts. 
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The distance from Richmond, in a straight line, to the nearest 
outcrop of the Primal or Potsdam sandstone west of the Blue Ridge, 
is about eighty miles; that following the course of the James River 
‘gs one hundred and sixty miles; the distance from Washington to 
the western side of the Blue Ridge in a straight line is about forty 
miles; that along the Potomac River between fifty and sixty miles. 

What relation this deposit bears to the drift of the more north- 
ern regions as to the manner and time of its production, is a ques- 
tion of great interest. The materials of the deposit are distinctly 
stratified, and the fragments, instead of being angular, as so com- 
mon in the drift proper, are well rounded and smooth. Nor has 
there been thus far observed, any case of that striation of surface 
which is so frequently met with in the larger fragments of the north- 
ern drift; tracing the formation, however, as it shows itself succes- 
sively at Richmond, Washington, and other localities still further 
northward, the stratification becomes less perfect, and the coarser 
materials are more scattered through the mass, and after crossing 
the Delaware the whole deposit cannot be distinguished from the 
material considered in that region as a modified drift. 

Speculating on the causes by which these deposits have been 
formed, it may, on the one hand, be imagined that during the glacial 
period the icy covering of the north and west prolonged itself in the 
valleys of the great rivers, as far south as the James, and even the 
Roanoke River, bringing down to the belt of land now marking the 
limit of tide water, debris from the Appalachian rocks, mingled with 
materials derived from the intervening region, and that the grinding 
and sorting action of the waters subsequently obliterated glacial 
markings, and gave to the whole deposit the distribution and strati- 
fication which it now presents; or, on the other hand, it may be 
conceived that the transporting force of the rivers themselves, swol- 
Jen and rapid as they must have been in the closing ages of the gla- 
cial period, brought about the same results. But even, in this case, 
it is highly probable that glacial action had much to do with the 
original accumulation of the rocky debris on the flanks of the Blue 
Ridge, and in the Appalachian valleys beyond. 

In the belt partially occupied by the surface deposit here referred 
to, there is exposed another group of strata, with which, at first 
view, the sandy and argillaceous layers of this formation might 
readily be confounded. These are the silicious, argillaceous and 
pebbly beds, which, underlying the tertiary in Virginia, and the well- 
marked cretaceous formation further north, have, in the latter re- 
gion, been regarded as belonging to the base of the cretaceous series 
of the Atlantic States. In Virginia the formation consists typically 
of a rather coarse, and sometimes pebbly sandstone, in which the 
grains of quartz and felspar are feebly cemented by kaolin, derived 
from the decomposition of the latter, and of argillaceous and sili- 
cious clays variously colored, and more or less charged with vegeta- 
ble remains, either silicified, or in the condition of lignite. These 
constitute the group of beds designated in the Virginia geological 
reports as the Upper Secondary Sandstone, and referred by me long 


712 


since (1842) to the upper part of the Jurassic series, corresponding 
probably to the Purbeck beds of British geologists. From the Poto- 
mac northward, this group of deposits, as exposed in the deep rail- 
road cuts between Washington and Baltimore, and on to Wilming- 
ton, is made up of variegated, soft, argillaceous and silicious beds, 
which, from the preponderance of ferruginous coloring towards the — 
Delaware, has been called by Prof. Booth the red clay formation. 
At a few points only, towards the bottom of the deposit, it brings to 
view a bed of the felspathic sand, or crumbling sandstone, above 
referred to. Traced transversely, it is seen to dip beneath the cre- 
taceous greensand at various points in New Jersey, Delaware and 
Maryland, but in Virginia disappears in its eastward dip beneath the 
Eocene tertiary. 

How far we may consider this group of sediments in Maryland, 
Delaware and New Jersey, as merely a continuation of the Virginia 
formation above described, can be determined only by further inves- 
tigation. But the discovery in them at Baltimore, by Prof. Tyson, 
of stumps of cycads, would seem to bring them into near relation 
with the formation at Fredericksburg containing similar remains, 
and to favor their being referred, at least in part, to the horizon of 
the upper Jurassic rocks. Possibly we may find here a passage- 
group analogous to the Wealden of British geology. Whatever may 
be the result of further discovery, it would seem to be premature at 
this time to assume the whole of these deposits from the Potomac 
northward, as belonging to the cretaceous series. 

Where the tertiary or the cretaceous rocks are present in this 
belt, there is, of course, no danger of confounding the superficial 
gravel and cobble-stone deposit with the formation just described, 
but in their absence, which is usual in the river valleys, this deposit 
rests immediately on the broken and denuded surface of the sec- 
ondary, and by the intermixture of materials makes it more difficult 
to discriminate between them. 

Excellent opportunities for observing the contact of the super- 
ficial deposit with the denuded and much older formation below, are 
presented in the neighborhood of Washington, among which may 
be specially mentioned the vertical cut at the extremity of 16th 
Street, at the base of the hill occupied by Columbian College, and 
also the continuation of 14th Street, ascending the same hill. At — 
the former locality the crumbling felspathic sandstone, or slightly 
adhering sand, is exposed to a height of about thirty-five feet, with 
a very gentle eastern dip, and having the color, composition and - 
diagonal bedding characteristic of the Fredericksburg and Aquia 
Creek sandstone. The gravel and cobble-stone deposit lying upon 
it descends with the slope of the hill to the general plain below, 
resting at a somewhat steep angle against the denuded edges of the 
underlying beds.* From this and other localities, it becomes obvi- 
ous that the latter formation has been deeply and extensively de- 


* Since this was written (April, 1875), the excavation and grading have 
greatly changed the exposure by covering up much of the lower deposit. 
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nuded before and during the deposition of the surface strata, which 
furm the chief subject of this communication. 

At Richmond this gravel and cobble-stone deposit presents itself 
at various heights from the river bank to the tops of the hills, man- 
tling the irregularly denuded surface of the underlying formations; 
resting at one place on the Upper Miocene, at others, on the in- 
fusorial stratum, which lies at the base of the Miocene, or on the 
Eocene, or on the yet older deposit, referable probably to an upper 
secondary period. The well-smoothed pebbles are chiefly of quartz- 
ite and silicious slates, including not a few which are marked with 
-Scolithus. In the Rappahannock valley, and between it and the 
Potomac, the formation may be seen resting directly either on the 
massive secondary sandstone, or on the looser deposit situated next 
above, or on the Eocene tertiary, which at some points occupies hol- 
lows in the denuded surface of the sandstone. 
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VircrntA AND West VIRGINIA.” 


(NaMES oF RAILWAYS AND STATIONS CORRECTED TO 18838.) 


By Pror. Wit1iiaAm B. RoGeEss. 


List of the Geological Formations Found in Virginia and West Virginia. 


| Cenozoic. | 


| Mesozoic. 


Paleozoic. 




































































So s@ 
6 = a aw 
GENERAL GROUPS. eae Ne aad Pita oh ila ied Sia Ba 
Ean s| ee anoreen by 
¥ |" .=°)|H.D. and W. B. RB. 
QUATERNARY. 20. Quaternary. g : am Peon * the” Paloukic 
. a | Formations of Penn- 
19 c. Pliocene. 2 ied eerie nn 
TERTIARY. 19 b, Miocene. Bao pean ee 
19 a. Eocene. mo 27 ginia and used in 
: 2 aats H. D. Rogers’ Final 
(18 & 17.) Jurasso-Cretac’s'. | "27 poses hl init 6S 
Urrrr anp Lower U BY Secondary Ss. 8. 38 8. | nia. 
MahGrOK. (17, 16,) Jurasso-Triassic.* |< 5 Se 
Mid. Secondary Sandstones | == 46 
and Coal Measures. 4 
14c. Upper Barren Group. | XVI. | Seral. 
14c. Upper Coal Group. XV. | Seral. 
Uperr Carsoni- | 14 b, Lower Barren Group. | XIV. | Seral. 
EROUS. 14 b. Lower Coal Group. XI. | Seral. 
14a. Great Conglomerate | XII Seral, 
and Conglo, Coal Group. 
Mip. Carsontrer- | 13 b. Greenbriar Shales. XI. Umbral Shales. 
ovs. (UPPER | 13b Greenbriar Limestone.| XI. Umbral Limesto. 
SuB Cars.) (Carb. Limestone.) 
Lower Carsonir- | 13a. Montgomery Grits and | Vespertine Sand- 
Erous. (LOWER Coal Measures X. stone and Coal. 
Sus-Canrs.) (Tuedian %) 
Names of N. Y. Survey chiefly : ; 
12. Catskill. IX. Ponent. 
11 b. Chemung VIII. | Vergent. 
Davonran. ila, Portage. VIIL | Vergent, 
10c. Genesée. VIIL | Cadent. 
10 b. Hamilton. Vill. | Cadent. 
10a, Marcellus VII. | Cadent. 
8. Oriskany. Vil. | Meridian. | 
7. Lower Helderberg. VIL. Pre-Meridian. 
SILURIAN. 6. Salina, V. Scalent, 
5c. Niagara. V. Scalent. 
5 b, Clinton. ee Surgent. 
5a. Medina. IV. Levant. 
Sitva0-Camprray® 46, Hudson River. ITI. Matinal. 
or 4b. Utica Ill. Matinal. 
Ureree Cambria’. | 4a, Trenton 11. Matinal. 
ig : 3c. Chazy. I. Auroral,! 
| tp gal 3b. Levis 4s Auroral. 
y : - 3a. Calceiferous. . uroral. 
Lows CaMB2IAN. 9h, Potsdam Group.® I.» | Primal.* 
= - —_—_—__——— | 
ARCHAZAN. Archean. 
A, B,C. 0.° 
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VIRGINIA. 
VattEy Brancnu or BALTIMORE AND Onto RartRoan. 
Miles. 
0 | Harper’s Ferry. Altered Cambrian (b) or Archean B, 
1 | Shenandoah. followed west by Cambrian, 2 b., 3 a. 
6 | Halltown. Cambrian, 3 a., b. 
10 | Charlestown. i! 3-D.5/C. 
14 | Cameron. 2 :y 
23 | Wadesville. Siluro-Cam., 4 a. and 4 b. 
27 | Stephenson’s. Siluro-Cam. and Camb. 4 a. and 3 ¢. 


82 | Winchester. 
86 | Kernstown. 


Bey Stephene City: The road runs close to boundary of 


49 Vaucluse.” Cambrian 3 ¢., and Sil.-Cambrian, 4 
44. Middletsen a., of the belt lying east, composed 


46 | Cedar Creek. largely of 4 ¢, 
50 | Capon Road. 


51 | Strasburg Junction. 





Siluro-Cambrian, 4 a. and 4 b., on 
switch track. 





55 | Tom’s Brook. Cambrian, 3 b., c. 
57 |Maurertown. oF sin 
61 | Woodstock. ms . 
66 | Edinburg. e zs 
74. | Mount Jackson. Camb. and Siluro-Cam. 3 ec. and 4 a. 
81 | New Market. x aes 
88 | Broadway. ‘ a 
94 | Linville. 7s - 
100 | Harrisonburg.® x8 ae 


105 | Pleasant Valley. Cambrian, 3 b., ¢. 
117 | Fort Defiance.® “ Hy 
126 | Staunton. Camb. and Siluro-Cam. 8 ec. and 4 a. 





1. The term Jurasso-Cretaceous is chosen to designate the Upper Secondary 
sandstones of the Virginia reports and the associated sands a clays which 
in their prolongation, northeast through Maryland, Delaware and New Jer- 
sey, are found to underlie the Cretaceous green-sand formation of those States, 
because the fossils found in the vicinity of Fredericksburg, &¢., in Virginia, 
as well as near Baltimore, suggest the upper stage of the Jurassic period ; 
while it is stated that the sands and clays of this belt in New Jersey are refer- 
able to the base of the Cretaceous. The whole group would seem, in the main, 
to be one of transition, and it is probably best comparable to the European 
Wealden. 

2. The name Jurasso-Triassic is preferred for the Mid-Secondary rocks of 
the Virginia reports, as it is thought to correspond best with the fossil indi- 
cations thus far furnished by the several belts included in it. Of these, the 
most western area is in part continuous with the so-called Triassic belt of 
Maryland and Pennsylvania, and in part with the coal-bearing rocks of Dan 
River, North Carolina. The middle belt is in the line of prolongation of the 
Deep River coal rocks of North Carolina; and the eastern belt, including the 
Grits and Coal Measures of Chesterfield, Henrico, &¢., is topographically 
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CHESAPEAKE AND Outo RAILWAY. 














Miles. 
0 | Richmond. 
9 | Atlee. 


18 | Hanover C. H. 
22 |R. F. and P. June. 
83 | Noel. 


40 | Beaver Dam. 


45 | Bumpass. 
50 | Frederick Hall. 


56 | Tolersville.” 


62, | Louisa. 
76 | Gordonsville. 


81 | Lindsay. 

83 | Cobham. 

90 | Keswick. 

97 | Charlottesville. 


104 | Ivy. 
107 | Mechum River. 
115 | Greenwood. 


124 . Waynesboro. 
129 | Fishersville. 


136 | Staunton. 
144 | Swoope. 


150 | North Mountain. 
159 | Craigsville. 


168 | Goshen.” 
175 !' Millboro.” 
195 | Jackson River.* 


291 | Alleghany. 














W. outcrop of Tertiary and Upper Me- 
sozoie, all resting on Arch. C. 
19. Tertiary. 
4c 


Upper Mesozoic, Jurasso-Cretaceous. 
1. Archean, C. 
Gneiss and Mica Slates, with veins of 
Granite. 
1, Archean, A. 
66 


Mic. Hornb. and Hydro. Mic. Slates, 
with Aurif. Quartz. The gold belt. 
1..Archean, C. 

ia 
Argil. Mic. and Hydro. Mic. Slates, 
with patches of Slaty Limest. and 
Steatite, Epidotic, Chlor. and Sil. 
Grits and Slates of 8. W. Mt. fol- 
lowed west by Gneissoid Sandstone. 
1. Archean, D. 
Horn. and Chl. Gnei. Syen. 
1. Arch., B, Bl. Ridge Epid. Chlor. 
Argil. Slates, &c., flanked W. by 
Camb. I, 2 b. Pots. 
Cambrian, 8 a., adjoining slates of 2 b. 
) Sil.-Camb., 4a. and 4b. Edge of slate 
) belt. 
Camb. and Sil.-Cainb., 3 c. and 4 a. 
7 vc 


Devonian, 10 a., adjoining Silurian of 
the Gap, 5 a., 5 b. to 8, inverted. 
Silurian, 7., Encrinal Marble. 8. Oris- 

kany. 

Devonian, 10 a. and 10 b., between 
ridges of Silurian, 5 a. to 8. 
Devonian, 10 a., near 8 of Sideling Hill. 

Devonian, 10 a., west side of Rich 

Patch Anticlinal Silurian, 5 a. to 8. 

Devonian, 10 a. and 10 b., between 

southwest end of Warm Spring An- 


Mountain. 
Devonian, 10 to 12, enclosing, near 
tunnel, belt of Sub-Car. 13 a. Ves- 
pertine. 


205 | Covington." ticlinal, and northeast end of Peters 
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West VIRGINIA. 


CHESAPEAKE AND Onto RaAtmnway.— Continued. 














Miles. 
227 | White Sulphur Devon., 10 a. and 10 b. Spring issues 
Springs. from 8. 
238 | Ronceverte. Lower Sub-Carb., 13 a. Vespertine. 
oe < 7 1) 
244 | Fort Spring. . bag ae A 13 b, Umbral lime 
251 | Alderson. Upper Sub-Carb., 13 b. Umbral shale. 
263 | Talcott. " i 
: Upper Sub-Car., overlaid west by Con- 
lng 15 
2729)Elinton. glo. Coal group, 14 a. 


294 | Quinnimont. Conglo. Coal group 14 a. The shales 


} Upper Sub. Carbon. shales, overlaid by 
disappear west near Buffalo Creek. . 





324 | Hawk’s Nest. Congl. Coal group, 14 a. 

326 | Cotton Hill. s fault 
Great Conglom., overlaid by Lower or 

833 | Kanawha Falls. main Coal group, 14 a. and 14 b. 

352 | Coalburg. Main Coal group, 14 b. 

359 | Brownstown.’ - 

368 | Charleston. me 

381 | St. Albans. Lower barren group, 14 b. 

395 | Hurricane. t 

401 | Milton. oh 

409 | Barboursville. Re 

416 | Guyandotte. a 

491 | Huntington. + 


without a counterpart. The middle and eastern belts in Virginia, and the 
western tract in North Carolina, show a close agreement in their fossil flora, 
which in many particulars has a decidedly Jurassic character, and all three 
belts are connected by certain species of Estheria, Candona, &e., held in com- 
mon. Collectively these beds represent most probably a group of deposits 
ranging through Upper Triassic and Lower Jurassic time, and are in large 
measure of a transitional character. : 

3. In grouping the Lower Paleozoic formations, Sedgewick’s classification 
is used, including as Cumbrian and Stluro- Cambrian, all the formations from 
the base of the Paleozoic to the top of the Trenton period (4 ¢.), and as Silu- 
rian the succeeding formations to the top of the Oriskany (8.); these corre- 
sponding in limits to the Lower and Upper Silurian periods of the table. 

4, The Middle Cambrian, or Auroral group, occupying much of the surface 
of the Great Valley west of the Blue Ridge, and exposed in numerous anticlinals 
and faults in the mountain belt further west, is marked by a great preponder- 
ance of magnesian limestones in the lower two-thirds of its mass, passing 
below in many eases into Arenaceous and Argillaceous limestones, and fol- 
lowed above by oolitic and by cherty and sandy beds, these latter giving place 
still higher to the more purely Calcareous and Argillo-Calcareous strata ap- 
pertaining to the base of the Siluro-Cambrian, Trenton or Matinal group. 


Miles. 
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VIRGINIA, 


VireintA Miptanp Rarway. 


Alexandria. 


Alex. and Fredbg. 


Crossing. 
Springfield. 
Burke’s. 
Fairfax. 
Clifton. 
Manassas. 
Bristoe. 
Nokesville. 
Catlett’s. 


Warrenton June. 


Midland. 
Bealeton. 
Rappahannock. 
Brandy. 
Culpeper. 
Mitchell’s. 
Rapid-Anne. 
Orange. 


Madison. 
Gordonsville. 
Lindsay. 
Cobham. 
Keswick. 
Shadwell. 
Charlottesville. 


20. Quat. drift on denud. 
Upper Mesozoic, Jurasso-Cretaceous. 
1. Archean, C. 

ee A 


(79 re 
79 A. 
Mes., 17-16. Juras,-Tri. 

74 
24 
79 
74 
(<9 
“ce 
66 
(74 
e's W. margin. 
(74 
6 S. margin. 


1. Archean, B. 


] 


| 





— 


Argil. Mic. and Hydro. Mic. Slates, 


with patches of Limestone and Stea- 
schist E. of S. W. Mt., followed by 
Epidotic and Chloritic Quartzites 
and Slates of 8S. W. Mt. and thence 
W. by Gneissoid Grits. 





Lynchburg June. 


Red Hill. 
North Garden. 
Covesville. 
Faber’s. 
Rockfish. 
Elmington. 
Lovingston. 
Arrington. 
Tye River. 
New Glasgow. 
Amherst. 
Mclvor’s. 
Burford’s, 
Lynchburg.”® 
Lucado. 
Lawyer’s Road. 
Evington. 

31 





Archean, 1b» 


| 
| 


i 


From one and a half miles west of 


Charlottesville to near Lynchburg 
the prevailing rocks are Syenite, 
Granite, Protogine, Mic. and Chlor. 
Gneiss. Near base of S. W. Mt. are 
belts of Gneissoid sand and steaschist. 
Mic. and Hor. Slates and Trap, 


Archean, C. 


B, 


peg and Argil, Slates, including 


patches of Limestone and Steatite, 
Epidotic and Chloritic Quartzites. 
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Virersta Miptanp Ramway.— Continued. 





Miles. 

188 | Otter River. 1, Archean, C. 

190 | Lynch’s. Hs ) 

194 | Staunton River. s 

201 | Sycamore. $s 

205 | Ward’s Springs. ‘ 

211 | Whittle’s. . e : ra a 
esozoic, 17-16. Jurasso-Triassic, W. 

216 | Chatham. ee : 

220 | Dry Fork. " 

226 | Fall Creek. Z 23 

232 | Danville. 1. Archean, CO. 


233 | North Danville. 





The frequent faults, inversions and repetitions of the beds in the Great Valley, 
and the rarity of fossils in the Auroral rocks, have interfered with a precise 
demarcation of formations; but there can be little doubt, from fossil and other 
evidence, that they cover the period of the formations 3 a., 3b., 3¢., assigned 
to them in the: Table. Hence, and as indicating the formations near as well 
as at the localities, the designation 3 a. b. will be used for these rocks up to 
the top of the magnesian, without distinguishing between Calciferous and 
Quebec (or Levis), and 3 b. ¢., for the remaining strata up to the well defined 
base of the Siluro-Cambrian, Trenton or Matinal group, 4 a. b. and ¢. 

5. The Potsdam, or Primal group, includes in Virginia, where complete, 
besides the Potsdam proper, the ferriferous shales next above, and the slates, 
shaly grits and conglomerates, below this formation. It is exposed in varyin 
mass and completeness on the western slope and in the west flanking hills of 
the Blue Ridge throughout much of its length, often, by inversion, dipping to 
the southeast, in seeming conformity beneath the older rocks of the Blue 

‘Ridge, but often, also. resting uncontormably upon or against them. These 
older rocks, comprising masses referahle probably to Huronian and Laurentian 
age, include also a group of highly altered beds, corresponding Sie to 
the copper-bearing or Keweenian series of northern Michigan, and perhaps to 
the lately described Dimetian rocks of Wales. 

6. The letters A, B, C, D mark four rather distinct groups of Archean 
rocks found in Virginia, of which the first three may probably be referred to 
the Laurentian, Huronian and Montalban periods respectively, and the fourth 
to an intermediate stage—the Norian or Upper Laurentian. 

7. This belt of Siluro-Cambrian slates extends continuously from the Po- 
tomac River to a point about ten miles south of Staunton, a distance of 140 
miles, beyond which it becomes narrow and discontinuous. In the tract cor- 
responding to the interval from Strasburg to Harrisonburg, it encloses thie 
complex synclinal of the Massanutton Mountains, consisting of massive ranges 
of Silurian rocks 5 a., 5 b., with some bands of 7 and a few traces of Devonian 
10-a., all resting in the wide undulated trough of the slates. From Strasburg 
southwest, the railroad keeps generally a distance of from one half to one mile 
west of the edge of the slates, but sometimes impinges upon it, affording ready 
access to fossiliferous beds of 4a., b. ande. : 

8. About 13 miles west-by-north from.this are the Rawley Springs, and a 
few miles further the remarkable fissured rocks known as Moravian Town, 
both in Ponent 12. West-by-south, about 20 miles, are the Dora coal mines, 
‘in Vespertine 13 a., of Narrowback Mountain—anthracite, faulted and crushed. 
The irregular fault which, with many interruptions, extends from near the 
Potomac River along the northwest edge of the Great Valley in the line of the 
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Manassas Division oF VirGinrtA Mipitanp Raiiway. 











Miles. 
0 | Alexandria. (As before.) 
27 | Manassas. Mes., 17-16. Juras.-Tria. 
36 | Gainesville. * 
38 | Haymarket. ‘\ mai Fs i 
1. Archean, B, Slaty Quartzite, Epid. 
viride ag eam Chilo. Argil. and Mic. Slates of Bull 
F Run and Pond Mountains. 

49 | Plains. 1. Archean, O. 
54 | Marshall. as 
60 | Rectortown. et B. 
63 | Delaplane. 
67 | Markham. ~ 
72 | Linden. wich 58 
76 | Happy Creek. ae 
79 | Front Royal. Cambrian, 8 a. Calcifer. 
81 | River. Sil.-Camb. 4a. and b. Tr. and Ut. 4 ce. 
85 | Buckton. Hudson Riv. 

abe) Waten'T ick. i ae Synclinal, (5a. and b.) ends 
90 | Strasburg.: “4a. and b. Tr. and Ut. 
91 | Strasburg June. “ - 


Little North Mountain for about 120 miles, is seen near these localities to bring 
the Siluro-Cambrian 4. of The Valley into juxtaposition with the Devonian 
10. to 12. 

9. About eight miles east of this are Weyer’s and Madison’s caves, situated 
in a ridge of steep dipping limestone, 3a. b., near the South River. 

10. In this part ot the gold belt are situated the old workings known as 
Tinder’s, Boxley’s, Baker’s, Triple Fork and Walton’s Mines. 

11. This is a good point of departure for examining the rock structure of 
Panther Gap, 5 a. b., mostly inverted, and the wild passage of the North 
River through the same formations at Strickler’s Gap, ‘‘ The Goshen ‘Pass.”’ 
About 10 miles southwest are the Rockbridge Alum Springs, in 10 a. b. 

12. About three miles north of this, on the Cow-pasture River, is the Blow- 
ing Cave of Bath County, in an anticlinal of 8. Oriskany ; and twelve miles 
further north-by-west, near the same river, is the noted intermitting stream » 
called the Ebbing Spring, in a ridge of 7 and 8, on east side of Tower (Tour) 
Hill, east of Warm Spring Axis. 12 miles southwest to Bath Alum Springs, in 
10 a., and thence 5 miles to Warm Springs, 3 c-4 a. 

13. Where traversed by the Jackson River, this anticlinal shows itself as 
a great arch built up of the successive concentric beds of 5 a. b. c., and flanked 
by 7. and 8., followed by 10 a., and having a span, as measured by the highest 
sandstone bed, of about 3,300 feet. ‘The main arch, 5 a. Levant, or Medina, 
white sandstone, is regular and unbroken, but the outer concentric belts, made 
up of the hard meinbers of 5 b. c., are distorted and in part inverted on the 
west side of the axis, where by a slight fault the beds of 7. pass suddenly 
from a nearly vertical to a horizontal position. ‘Towards the southwest, this 
axis opens, to form the Rich Patch Valley, bringing to view the Siluro-Cam- 
brian 4a., b., ¢., and still further southwest becomes the closed anticlinal known 
as the Potts Creek Mountain. Heavy beds of iron ore (Hematite) have been 
opened on both sides of this axis, as at Roaring Run, Callie, Low Moor, and 
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RiocHMOND, FREDERICKSBURG AND PoTomAo RaiLroap. 





Miles. 
Washington 
(Steamboat.) 
0 | Quantico. Upper Mesozoic, 17-18. Jurasso-Creta. 
5 | Richland. 


12 | Brooke’s. 
14 | Potomac Run. 
21 | Fredericksburg. } Falls 


‘¢ Patches of 19. Ter- 
tiary on denuded surface. 
6c , 


* Resting on Gneiss at 





83 | Guinea. 19. Tertiary. 
42 | Milford. a 
47 | Penola. € 
53 | Ruther Glen. Jurasso-Cretaceous, 17-18. 
58 | Junction. = 
60 | Taylorsville. ff 
20. Quaternary, gneiss coming to sur- 
65 | Ashland. face, Archean, C. 
82 | Richmond. (Same as before.) 
84 | Manchester Cross-| § 20. Quaternary, on decomposing 
ing. Gneiss, Archeean, C. 
87 | Temple’s. - 
90 | Drewry’s Bluff. 
93 | Halfway. % 


95 | Chester. 


ai limit of Upp. Mesozoic and 19. 
98 | Port Walthall J. . 


Tertiary. 
66 





105 | Petersburg. E. outcrop of Gne. Arch. C. 

115 | Reams. rt 

127 | Stony Creek. Gneiss higher up, on creek. 

135 | Jarratt’s, ae short distance W. Tertiary dit- 
147 | Bellfield. ~ 119. Tertiary short distance E. 

154 | Greensville Jun. ir 

164 | Pleasant Hill } . 

168 | Weldon. E. outcrop of Gneiss in Riv., O. 








Kayser’s near Clifton Forge, associated with formation 8. Oriskany. The 
fossil ore of 5 b. is also mined at several points. ; 

14. The Anticlinal Valley, which includes the group of thermals known as 
the Warm, Hot, Healing, &c., Springs, closes up about ten miles northeast of 
this, and its axis subsides towards the southwest in broad spurs which reach 
the river a few miles below Covington, in low arches of 7. and 8., overlaid by 
10. The heated waters issue at-numerous points throughout a distance of 
thirty miles, from Cambrian and Siluro-Cambrian rocks, 3 ¢., 4 a., usuall 
inverted and often faulted along the west side of the valley, the eastern eine: d 
ary of which is formed by the massive Warm Spring Mountain, 5 a., 5 b., dip- 
ping east, while its western limit consists of a narrow, broken ridge of the 
same formations in a vertical or inverted position. Stages to Healing, Hot 
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Prepmont Arr Line RAILRoap. 





——$—$—— — ———— 











Miles. 
0 | Richmond. (Same as before.) 
9 |R. F. and P. Junct. By 
22 | Powhatan. W. edge of Mesozoic coal field. 
36 | Amelia C. H. 1. Archean, A. 
58 | Burkeville. he 
73 | Keysville. - 
90 | Roanoke. “ 
101 | Scottsburg. . 
109 | Boston.”7 1. Archean, CO. 
127 | Barksdale. af 
125 | Ringgold. s 
141 | Danville. ff 
156 | Ruffin, N. C. as 





and Warm Springs, severally 15, 19 and 22 miles. Near the first is the Cas- 
cade (200 feet) of Falling Spring Creek, which, cutting through the west wall 
of the anticlinal, flows over a mass of calcareous tufa, deposited from the waters. 

The anticlinal of Peters Mountain, rising a few miles northwest of Cov- 
ington and exposing at the tunnel 7. and 8., expands towards the southwest, 
until it ss out into the valley of the Sweet Springs, containing another 
group of thermals of lower temperature than the preceding. This anticlinal, 
extending southwest, does not close up, but passes into the great Peters 
Mountain and East River Mountain fault, which for a distance of fifty miles 
brings the Cambrian. in contact with the Vespertine and Umbral formations, 
Sub-Carb., 13 a., 13 b. 

“15. The Upper Subcarboniferous, or Umbral shales, here include a consid- 
erable thickness of brown and gray flaggy sandstone, the same which forms 
the hard rock of Swope’s Knobs. 

16. About 20 miles northwest of this point (by canal or road) we enter the 

orge by which the James River traverses the Blue Ridge, where are exposed 

e sections of Archean rocks, A and B, and of the Cambrian, Primal 2 ., 
resting unconformably on the western slope of the former, and occupying the 
flanking ridges, which adjoin the valley. The Natural Bridge, the remnant 
of a former tunnel or cave in 3 a. b., is about 8 miles northwest from the upper 
end of the gap. 

17. A few miles east of this, between Banister and Dan Rivers, is a small 

teh of Jurasso-Triassic rocks, 18-17., corresponding to the Farmville or 
- middle belt, (see note 2), and containing Estheria, &e. 

18. This deposit, made u largely of Diatoms, lies near the base, but with- 
in the limits of the Miocene Tertiary. It contains occasional casts of Miocene 
shells, and is generally overlaid by beds of this formation, and rests either upon 
or but little above the top of the Eocene. Having formerly traced this deposit 
from the Patuxent River in Maryland to the Meherrin in Virginia, I have lately 
found by an examination of the artesian borings at Fortress Monroe, that a 
similar deposit exists in that region at the depth of 558 feet below the surface, 
overlaid by Miocene and Pliocene beds, and resting os tte an Eocene deposit 
identical with that which underlies it at Richmond. e are thus assured of 
the great extension seaward of this deposit, and have the means of estimating 
a thickness of the Tertiary formations as far east as the mouth of the James 

iver. 

19. From this point, for many miles towards the southwest, the railroad 
runs near to and almost parallel with the broken synclinal, (about 25 miles 
long,) of which the lofty Catawba and Fort Lewis Mountains are the principal 
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Ricumonp, York River AND CHESAPEAKE RAILROAD. 








Miles. 
0 |Richmond.”* (Same as before.) 
7 |\Fair Oaks At Richmond tunnel cuts Tert’y Infu- 
13 Dis atthit sorial bed, 19 b. Miocene. ' 
15 eae t ; In this interval both Lower and Upper 


19. Tertiary are accessible above tide 
20 |Tunstall’s. level. Eocene and Miocene. 


24 |White House. 





; In this interval only Upper 19. Tertiary 
a Si is accessible ‘above tide level. 19 -b. 
f Miocene. 


38 | West Point. 








arts. The former, composed of southeast dipping 4 a. b., &c., forms the 
‘urther or northwest rim of the synclinal, and bending abruptly around at its 
northeast end, becomes the Tinker Mountain, which closes the basin in that 
direction. A shorter and gentler bend at the southwest end, terminates in a 
fault. The corresponding rocks of the southeast, or near side of the syn- 
clinal, are only partially preserved in a narrow inverted ridge at either end, 
the remainder of this rim of the synclinal having been engulfed in the pro- 
longed fault, which, for many miles along the margin of the basin, has brought 
the Siluro-Cambrian rocks (4 a. c.) of The Valley to abut against, and over-ride 
the Devonian 10. to 12. and the Vespertine 13 a., of which the Fort Lewis 
Mountain, the central mass of the synclinal, is mainly composed, 

20. A few miles west-by-north of this is an area of Vespertine rocks, 13 a., 
including one or more workable beds of coal, mined on Strouble’s Run and else- 
where, This area, once probably continuous with the Vespertine of Fort Lewis 
_ Mountain, is almost encompassed by faults. Further to the northwest, and 
separated from the above by a belt of Cambrian and Siluro-Cambrian rocks 
8c.,4a., &., the Vespertine beds of the southeast slope of the Brushy Mountain, 
contain a similar coal, mined on Tom’s Creek, &c., all these seams being more 
or less affected by the neighboring faults. The dislocation which, southeast 
of Brushy Mountain, brings Vespertine and Umbral in apposition with Siluro- 
Cambrian Matinal, is part of the great fault which, with some changes of di- 
rection and character, extends along the northwest edge of the Great Valley 
from near the James River to the end of the Brushy Mountain, northeast of 
Abingdon, a distance of about 125 miles. At a distance of 23 miles, in a north- 
west direction, is the sheet of water called ‘‘ Mountain Lake,”’ situated near © 
the top of Salt Pond Mountain, at a height of 4,000 feet above tide. Here the 
Potts and Johns Creek Mountains and the other ridges of 5 a. b. coalesce at 
their southwest termination, into a lofty rugged table-land, overlooking the 
New River, and commanding wide views. 

21. A few miles south, the Lick Mountain range divides The Valley for some 
miles into two, and in the southern of these belts, on the New River, below 
the mouth of Grip le Creek, are the Austinville lead mines, in 8 b., near the 
La 2 b. of Poplar Camp Mountain, and about 15 miles distant from Wythe- 
ville. 

22, From this point a short branch railroad leads north into the valley of 
the north fork of the Holston River, between Walker’s Mountain, 5 a., &c., 
and Poor Valley ridge, Vespertine 13 ¢., &c., which flanks the Clinch Moun- 
tain on the southeast side. ere, near Saltville, are the remarkable salt wells 
which penetrate into a thick mass of rock-salt ; and in the same vicinity, an 
at various points higher up the valley, for a distance of 20 miles, beds of gyp- 
sum have been opened and extensively wrought. ‘These deposits are found 
near and in a line of fault, along which the Siluro-Cambrian 3 ¢. 4.a., of the 
southeast side of the valley, has been made to abut against and sometimes 


7217 


AtTLantTio, Misstsstppr AND Onto Rawroap (NorFork .AND WEstT- 


Miles. | 





0 


23 
34 
41 
45 
52 
60 
68 
81 
96 

101 

108 

112 

118 

124 

133 

141 

149 

161 

169 

181 

191 

204 

215 

229 

241 

246 

251 

254 

258 

264 

OTT 

981 

285 

290 

301 

302 

309 

316 

329 

337 

350 


ERN, 1883). 








Norfolk. 
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Wilson’s. 
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New River. 
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20. Quaternary, resting on Upper Ter- 
tiary.19 c. Pliocene. 
Up. 19. Tertiary and 19 b. Miocene. 
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Lower 19. Tertiary here probably 
above tide level. 
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ATLANTIO, MississtpP1 AND Onto Rartroap (NorForK AND WEsT- 
ERN, 1883).— Continued. 














Miles. 
364 | Marion. 2-4, Cambrian and Sil.-Cam. 38 ¢., 4 a. 
880 | Glade Spring.” “ eo 
393 | Abingdon. es “ 
408 | Bristol. os 5 
Continued as East Tennessee, Virginia and Georgia Railroad. 
SEABOARD AND ROANOKE RAILROAD. 
Miles. 
0 | Portsmouth. 20. Quat. on 19 Ter. and 19 c. Pliocene. 
17 | Suffolk. 20. Quat. on 19 b. Miocene. 
81 | Carrsville. Bs 
837 | Franklin. 66 
42 | Nottoway. = 
50 |Newsom’s. — 6c 
55 | Boykin’s. hs 
63 | Margaretsville. =f 
68 | Seaboard. “ 
78 | Gary’s. $ 
80 | Weldon. Outcrop of Gneiss. 


over-ride the Umbral 18 b., which, with the Vespertine 13 a. of the Poor Val- 
ley Mountain, form a belt on the northwest side of the valley. Both deposits 
are most agar referable to the Subcarboniferous period. The fault here 
spoken of extends, with some local changes of character and direction, in a 
west-by-southwest course, from a point in Giles county to the Tennessee line, 
a distance of 125 miles, and is prolonged many miles into Tennessee. 
Wituiam B. Rogers. 


23. So few details have been published on the geology of Virginia, that no 
chapter in this volume will be more welcome to geologists than this, which 
has been wholly and very carefully prepared by Professor William B. Rogers, 
late State Geologist of Virginia. oii). M: 
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ARTESIAN BORINGS 


FORTRESS MONROE. 


1882. 
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InFusorIAL Deposir oF VIRGINIA IN THE Fort Monror 
ARTESIAN WELL. 


From THe Virarnias, Octoser, 1882. 


In 1867 Gen. A. A. Humphreys, then Chief of the U. 8. Engi- 
neers, wrote me, asking respecting the probable or conjectural verti- 
cal position of water-bearing strata at Fort Monroe; and again 
wrote in July, 1869, when this well, begun in 1864, had reached a 
depth of about 600 feet, and sent me portions of the borings and 
the contained fossils from different depths. In September of 1869, 
Gen. Humphreys, in response to my request, again sent an account 
of the further progress in boring the well to a depth 907 feet, and 
also samples of the borings down to that depth. That letter stated 
that at a depth of 599 feet very saline water flowed from the mouth 
of the well for several days. 

The materials of this section of 907 feet, nearly all of it below 
the level of Chesapeake Bay, were studied by me with great care as 
probably revealing the concealed geological structure of The Penin- 
sula. In these were found a number of shark’s teeth identical with 
those discovered by me long gince in the section in Ambler’s Hill, 
Richmond. 

In the Eocene and above it, at a depth of about 558 feet in this 
well, a stratum of Infusorial Earth was reached, which, on critical 
examination by tlie able microscopist, Samuel Wells, Esq., yielded 
abundance of Diatoms, nearly all identical with those of the Rich- 
mond beds. 

I have thence obtained what I think is proof of the presence of 
Cretaceous between this Eocene and what has the appearance of 
Jurasso-Oretaceous of the lower part of the borings, and the evi- 
dence of the great extension seaward of that deposit, and also the 
means of estimating the thickness of the Tertiary formation as far 
east as the mouth of James River.* 

Artesian Borings at Fortress Monroe, Va., beginning at 151 ft. 
below the level of the Parade.—Materials examined and notes made 
by me on their fossils, &c., in 1876. 


* See Macfarlane’s Geological Railway Guide, page 182, note 18. In addi- 
tion to the intrinsic value of this contribution to our knowledge of the extent 
of the Tertiary formation in Virginia by Prof. Rogers, it has a special interest, 
not only as the last published geological investigation made by him, but as 
being in the same ‘Yield in which he began his labors half a century before.—Eb. 


At 


151’. 
158’. 
160’. 


164’ 
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Fine yellowish gray sand, with fragments of shells. 

Buff argillaceous marl. 

Fragments of Turritella and Pectens in gray marl mostly. 
Comminuted shells. 


6”. Fragments of Turritella and Pectens in gray marl mostly. 


Comminuted shells. 


166’ 10”. More sandy than last. Fragments of Arca. 
168’ 10”. Ditto,—with Balanida, &e. 
170’ 10”. Gray sand with Arca, &c. 


192’. 
194’, 
197’. 
202’. 
204’. 
208’. 
390’. 
400’. 
430%. 
555’. 


558’. 


570’. 
574’. 
577’. 


583’. 
590’. 


604’. 
628’, 
640’, 
670’. 
699’. 


Greenish gray. Sandy. - Turritella. - 

Lighter gray. Sandy. . Turritella. 

More clayey than 194’. : 

Ditto.—Fragments of Venus, &c. 
Ditto, ditto. 
Ditto, ditto.— With Perna, Venus, &e. 

Tenaceons gray clay, with shelly matter. 

Gray sandy clay, Artema, Venus, &e. 

Yellowish sandy clay. : 

(1). Light clay, gray brown in senda Minute shells since 
found to be Foraminifere. 

(2). Infusorial earth containing: 

Fragments of Pinnularia, peregrina? 

Gallionella suleata. 

Coscinodiscus apiculatus, abundant. 

Coscinodiscus gigas. 

Triceratium, 

Dictyocha crux. 

Actinoptychus biternarius. 

Navicula. 

Actinocyclus bioctonarius. 

—Besides those in the list: (published sel ties 
kindly made by Samuel Wells, Esq., from some of 
the borings sent him by me. 

Miocene down to about this depth. 

(2). Cetacean bone. 

(3). Concretions of sand, mar] and shells, composed of coarse 
sand, little pieces of milky and smoky and sometimes rosé 
quartz, often sub-angular. 

Between 577’ and 583/ is probably the base of the Mio- 
ae Between 580’ and 590’ shark’s teeth, Galeocerda Jat- 
eralis. 

(4). Sandy. clay, brownish. 

(5). Very sandy clay; about 5 per cent coarse sand, Speci- 
mens of shark’s teeth. 

Brownish gray sandy clay. 

Ditto. (Less sand.) 

Greenish gray, sandy. 

Lightest gray clay. 

Brownish gray sandy clay; less sand than 604’; same indeed 
as 628’, 
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At 
784’. Brownish gray sandy clay,—same as 604’. 
815’. Gray sandy clay. 
835’. Very coarse sand. 
853’. Conglomerate of clay, sand and pebbles. 
863’. Rather fine clay with a little sand. 
865’. Ditto, ditto. 
870’. Coarse sandy clay, brownish or reddish blotches. 
877’. Olay embedding fragments of granite. 
885’. Gray clay with occasional fragments of coarse sand. 
890’. Ditto, ditto. ig Se 
900’. Clay and sand in layers with some coarse pebbles and’ red- 
dish blotches. 
901’. Reddish mottled clay with quartz pebbles. 
902’, Ditto,—with coarse sand. 
903’, ait Aaltbo, ditto. 
907’. Total depth of boring below parade ground. 


The Fossils. 


In 1875, the organic remains of the borings were submitted by 
me to Samuel Wells, Esq., and in July of that year I received the 
following reply: ‘‘In comparing this material with the Richmond 
deposit, of which I have several slides from Shockoe Hill and Am- 
bler’s Hill, and for which purpose I have examined Ehrenberg’s 
Atlas, I find it deficient in the Melosira (sulcata principally), and in 
the many-rayed Actinocyclus, both of which are common in Rich- 
mond. It is also wanting in the Heliopelta and Craspedodiscus which 
abound in the Nottingham and (so-called) Bermuda deposits. I do 
not think that it is identical with either. I cannot learn that these 
deposits have been examined with reference to a comparison of dif- 
ferent locations and depths, and it would be interesting if the whole 
of the Richmond and the Maryland deposits could be so compared.” 

In October, 1876, Mr. Wells wrote: 

“T enclose a revised list of Diatoms found and identified in the 
Fortress Monroe material, 40 in all, of which 29 have been pre- 
viously found in the Richmond deposit, leaving only 11 not so re- 
corded, thus establishing the substantial identity of this material 
with that underlying Richmond.” 


Revised list of Diatoms from borings from artesian well at For- 
tress Monroe.—By Samuel Wells, Esq., Oct. 31, 1876. 


Actinocyclus moniliformis. Va. Dictyocha triacantha. 

Ralfsii. Va. istaurodon. Va. 
Actinoptychus undulatus. Va. Ponticulus. 
Asterolampra Grevillii, fragm. speculum. Va, 
Coscinodiscus apiculatus. Va. Euodia Barbadensis. 

disciger. Va. Eupodiscus Argus, fragm. 

coneavus. Va. Goniothecium odontella. Va. 

excavatus. Melosira suleata. Va. 
heteroporus. Odontodiscus Uranus. Va, 


gemmifer ? Podosira maculata. 
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Coscinodiscus lineatus. Va. Pyxidicula eruciata. Va. 
minor. Va. Actinocyeclus. Va. 
marginatus. Va. Stephanopyxis apiculata, 
omphalanthus. Va, Diadema. Va. 
perforatus. Va. Synedra Ulna. Va. 
radiatus. Va. Systephania Corona. Va. 
radiolatus. Va. Triceratium Marylandicum. Va. 
striatus. Va. acutum. 
velatus. Va, amblyoceros.. Va. 


Craspedodiscus.Coscinodiscus. Va. Xanthiopyxisoblonga. Va. 


The following is from Prof. Rogers’ reply to the above: 


“117 MartporoueH StrEET, Boston, November 13, 1876. 


‘‘Drar Mr. Wetts: I thank you for the trouble you have taken 
in sending me the list with explanations, and while I am gratified 
to find that your examination confirms my early impression of the 
substantial identity of this deposit with that underlying Richmond, 
I am sure that you have earned the thanks of all who are interested 
in our Tertiary Geology for the skill and care with which you have 
studied the forms of this new and peculiar locality.” 


GLossARY OF GEOLOGICAL AND OTHER ScIENTIFIO TERMs.* 


From LYELu’s PRINCIPLES OF GEOLOGY. 


Alluvium.—Earth, sand, gravel, stones, and other transported mat- 
ter which has been washed away and thrown down by rivers, 
floods, or other causes, upon land not permanently submerged 
beneath the waters of lakes or seas. 

Amorphous.—Bodies devoid of regular form. 

Amygdaloid.—One of the forms of the Trap-rocks, in which agates 
and simple minerals appear to be scattered like almonds in a 
cake. - 

Analeime.—A simple mineral of the Zeolite family, also called Cu- 
bizite, of frequent occurrence in the Trap-rocks. 

Anticlinal Axis,—If a range of hills, or a valley, be composed of 
strata, which on the two sides dip in opposite directions, the 
imaginary line that lies between them, towards which the strata 
on each side rise, is called the anticlinal axis. In a row of 
houses with steep roofs facing the south, the slates represent 
inclined strata dipping north and south, and the ridge is an east 
and west anticlinal axis. 

Arenaceous.—Sandy. 

Argillaceous.—Clayey, composed of clay. 

Arragonite.—A simple mineral, a variety of carbonate of lime, so 
called from having been first found in Arragon, in Spain. 
Augite.—A simple mineral of a dark green or black colour, which 

forms a constituent part of many varieties of volcanic rocks. 


Basalt.—One of the most common varieties of the Trap-rocks. It 
is a dark green or black stone, composed of augite and felspar, 
very compact in texture, and of considerable hardness, often 
found in regular pillars of three or more sides, called basaltic 
columns. Remarkable examples of this kind are seen at the 
Giant’s Causeway, in Ireland, and at Fingal’s Cave, in Staffa, 
one of the Hebrides. . The term is used by Pliny, and is said to 
come from basal, an thiopian word signifying iron. The rock 
often contains much iron. 

“ Basin” of Paris, “ Basin” of London.—Deposites lying in a hol- 


* Appended to Virginia Geological Survey Report for 1840. 
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low or trough, formed of older rocks, sometimes used in geol- 
ogy almost synonymously with ‘“‘formations,’’? to express the 
deposites lying in a certain cavity or depression in older rocks. 

Belemnite.—An extinct genus of the order of molluscous animals 
called Cephalopoda, having a long, straight and chambered coni- 
cal shell. 

Bitumen.—Mineral pitch, of which the tar-like substance pion is 
often seen to ooze out of the Newcastle coal when on the fire, 
and which makes it cake, is a good example. 

Bituminous Shale.—An argillaceous shale, much impregnated with 
bitumen, which is very common in the coal measures. 

Blende.—A metallic ore, a compound of the metal zine with sul- 
phur. It is often found in brown shining crystals, hence its 
name among the German miners, from the word blenden, to 
dazzle. " 

Botryoidal.—Resembling a bunch of grapes. 

Bowlders.—A provincial term for large rounded blocks of stone 
lying on the surface of the ground, or sometimes imbedded 
in loose soil, different in composition from the rocks in their 
vicinity, and which have been therefore transported from a dis- 
tance. 

Breccia.—A rock composed of angular fragments connected together 
by lime or other mineral substance. An Italian term, 


Cale Sinter.—A German name for the deposites from springs hold- 
ing carbonate of lime in solution—petrifying springs. 

Caleareous Rock.—Limestone. 

Caleareous Spar.—Crystallized carbonate of lime. 

Calcedony.—A siliceous simple mineral, uncrystallized. Agates are 
partly composed of calcedony. 

Carbon.—An undecomposed inflammable substance, one of the sim- 
ple elementary bodies. Charcoal is almost entirely composed 
of it. 

Carbonate of Lime. —Lime combines with great avidity with car- 
bonic acid, a gaseous acid only obtained fluid when united with 
water,—and all combinations of it with other substances are 
called Carbonates. All limestones are carbonates of lime, and 
quick lime is obtained by driving off the carbonic acid by heat. 

al gas which often issues from the 
ground, Sepedtally & in volcanic countries. 

Carboniferous. —A term usually applied, in a technical sense, to an 
ancient group of secondary strata, but any bed containing coal 
may be said to be carboniferous., 

Cephalopoda.—A class of molluscous animals, having their organs of 
motion arranged round their head. 

Cetacea.—An order of vertebrated mammiferous animals inhabiting 
the sea, The whale, dolphin, and narwal, are examples. 

Chalk.—A white earthy ‘limestone, the uppermost of the secondary 

series of strata. 

Chert.—A siliceous mineral, nearly allied to calcedony and flint, but 
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less homogeneous and simple in texture. A gradual passage 
from chert to limestone is not uncommon. 

Chloritie Sand.—Sand coloured green by an admixture of the simple 
mineral chlorite. 

Clinkstone, called also Phonolite, a felspathic rock of the Trap fam- 
ily, usually fissile. It is sonorous when struck with a hammer, 
whence its name. 

Coal Formation.—This term is generally understood to mean the 
same as the Coal Measures, There are, however, ‘‘ coal forma- 
tions” in all the geological periods, wherever any of the varie- 
ties of coal form a principal constituent part of a group of strata. 

Conformable.—When the planes of one set of strata are generally 
parallel to those of another set which are in contact, they are 

_ said to be conformable. 

Conglomerate or Puddingstone.—Rounded water-worn fragments of 
rock or pebbles, cemented together by another mineral sub- 
stance, which may be of. a siliceous, calcareous, or argillaceous 
nature. 

Conifere.—An order of plants which, like the fir and pine, bear 
cones or tops, in which the seeds are contained. 

Crag.—A provincial name in Norfolk and Suffolk for a deposite, 
usually of gravel, belonging to the Older Pliocene period. 

Oretaceous.—Belonging to chalk. 

Crop Out.—A miner’s or mineral surveyor’s term to express the 
rising up or exposure at the surface of a stratum or series of 
strata. 

Crustacea.—Animals having a shelly coating or crust, which they 
cast periodically. Crabs, shrimps and lobsters are examples, 

Cryptogamic.—A name applied to a class of plants, such as ferns, 
mosses, sea-weeds, and fungi, in which the fructification or 
organs of reproduction are concealed. 

Crystalline.—The internal texture which regular crystals exhibit 
when broken, or a confused assemblage of ill-defined crystals. 
Loaf sugar and statuary marble have a crystalline texture. 
Sugar candy and calcareous spar are crystallized. 


Debacle.—A great rush of waters, which, breaking down all oppos- 
ing barriers, carries forward the broken fragments of rocks, 
and spreads them in its course. 

Delta.—When a great river, before it enters the sea, divides in- 
to separate streams, they often diverge and form two sides of 
a triangle, the sea being the base. The land included by the 
three lines, and which is invariably alluvial, was first called, in 
the case of the Nile, a delta, from its resemblance to the letter 
of the Greek alphabet which goes by that name. Geologists 
apply the term to alluvial land formed by a river at its mouth, 
without reference to its precise shape. 

Denudation.—The carrying away by the action of running water of 
a portion of the solid materials of the land, by which inferior 
rocks are laid bare. 
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Dykes.—When a mass of the unstratified or igneous rocks, such as 
Granite, Trap, and Lava, appears as if injected into a great rent 
in the stratified rocks, cutting across the strata, it forms a dyke; 
and as they are sometimes seen running along the ground, and 
projecting, like a wall, from the softer strata on both sides of 
them having wasted away, they are called in the north of Eng- 
land and in Scotland dykes, the provincial name for wall. It is 
not easy to draw the line between dykes and veins. The former 
are generally of larger dimensions, and have their sides parallel 
for considerable distances; while veins have generally many 
ramifications, and these often thin away into slender threads. 

Diiuvium.—tThose accumulations of gravel and loose materials 
which, by some geologists, are said to have been produced by 
the action of a diluvian wave or deluge sweeping over the sur- 
face of the earth. 

Dip.—When a stratum does not lie horizontally, but is inclined, the 
point of the compass towards which it sinks is called the dip of 
the stratum, and the angle it makes with the horizon is called 
the angle or dip of inclination. 

Dolerite.—One of the varieties of the Trap rocks, composed of Au- 
gite and Felspar. 

Dolomite.—A crystalline limestone, containing magnesia as a con- 

stituent part. Named after the French geologist Dolomieu. 

Dunes.—Low hills of blown sand that skirt the shores of Holland, 
England, Spain, and other countries. 


Eocene.—The great Tertiary era is divided into four periods, the 
first of which is called Hocene, indicating that in the beds of this 
division, we see the tirst traces or dawn of the present order of 
things. The class of fossils most serviceable in determining the 
relations of the existing to the extinct species, are shells, and it 
is between these, more particularly, that the comparison has 
been made. Out of about 1,200 shells discovered in Europe 
in this lower division of the Tertiary rocks, 38 only are 
identical with species known to be living. This small propor- 
tion (about 3 per cent.) varies a little, of course, with the de- 
posites of different regions ; and the deposites of this formation, 
like those of any other, are characterized less by the precise pro- 
portion of their extinct fossils, than by possessing a number of 
shells peculiar to the particular era, and found in no other Ter- 
tiary groups. 

Estuaries.—Inlets of the land, which are entered both by rivers and 
the tides of the sea. Thus we have the Estuaries of the Thames, 
Severn, Tay, &. 


Fault, in the language of miners, is the sudden interruption of the 
continuity of strata in the same plane, accompanied by a crack 
or fissure varying in width from a mere line to several feet, 
which is generally filled with broken stone, clay, &e. 

Felspar.—A simple mineral, which, next to Quartz, constitutes the 
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chief material of rocks. The white angular portions in Granite 
are Felspar. 

Ferruginous.—Any thing containing iron. 

formation.—A group, whether of alluvial deposites, sedimentary 
strata, or igneous rocks, referred to a common origin or period. 

ossil.—All minerals used to be called fossils, but geologists now use 
the word only to express the remains of animals and plants 
found buried in the earth. 


Galena.—A metallic ore, a compound of lead and sulphur. It has 
often the appearance of highly polished lead. 

Garnet.—A simple mineral, generally of a deep red colour, crystal- 
lized; most commonly met with in Mica slate, but also in granite 
and other igneous rocks. 

Gault.—A provincial name in the east of England for a series of 
beds of clay and marl, the geological position of which is be- 
tween the upper and lower greensand. 

Gneiss.—A stratified primary rock, composed of the same materials 
as Granite, but having usually a larger proportion of Mica, and 
a laminated texture. The word is a German miner’s term. 

‘Granite.—An unstratified or igneous rock, generally found inferior 
to or associated with the oldest of the stratified rocks, and 
sometimes penetrating them in the form ofgdykes and veins. 
It is usually composed of three simple minerals, Felspar, Quartz, 
and Mica, and derives its name from haying a coarse granular 
structure. 

Graywacke.— Grauwacke, a German name, generally adopted by 
geologists for the lowest members of the secondary strata. The 
rock is very often of a gray colour, hence the name grau, being 
German for gray, and wacke being a provincial miner’s term. 

Greensand.—Beds of sand, sandstone, limestone, belonging to the 
Cretaceous period. The name is given to these beds because 
they often, but not always, contain an abundance of green earth 
or chlorite scattered through the substance of the sandstone, 
limestone, &e. 

Greenstone,—A variety of Trap, composed of Hornblende and Fel- 
spar. 

Grit.—A provincial name for a coarse grained sandstone. 

Gypsum.—A. mineral composed of lime and sulphuric acid, hence 
called also sulphate of lime. Plaster and stucco are obtained 
by exposing gypsum to astrong heat. It is found so abundantly 
near Paris, that Paris plaster is a common term in this country 
for the white powder of which casts are made. The term is 
used by Pliny for a stone used for the same purposes by the 
ancients. The derivation is unknown. 


Hornblende.—A simple mineral of a dark green or black colour, 
which enters largely into the composition of several varieties of 
the Trap rocks. 

Hornstone.—A siliceous mineral substance sometimes approaching 
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nearly to flint, or common Quartz. It hasa conchoidal fracture, 
and is infusible, which distinguishes it from compact Felspar. 


Jura Limestone.—The limestones belonging to the oolitic group, con- 
stitute the chief part of the mountains of the Jura, between 
France and Switzerland, and hence the geologists of the conti- 
nent have given the name to the hat 


Laminew.—Latin for plates ; used in geology for the smaller layers 
of which a stratum is frequently composed. 

Lava.—The stone which flows in a melted state from a voleano. 

Lias.—A provincial name, adopted in scientific language, for a par- 
ticular kind of limestone, which, being characterized together 
with its associated beds, by peculiar fossils, forms a particular 

‘group of the secondary strata. 

Lignite.—Wood converted into a kind of coal. 

Lithological.—A. term expressing the stony structure or character 
of a mineral mass. We speak of the lithological character of a 
stratum as distinguished from its zoological character. 

Littoral.—Belonging to the shore. 

Loam.—A mixture of sand and clay. 


Madrepore.—A gé@nus of corals, but generally applied to all the cor- 
als distinguished by superficial star-shaped cavities. There are 
several fossil species. 

Mammillary.—A surface which is studded over with | rounded pro- 
jections. 

Mammoth.—An extinct species of the elephant, of which the fossil 
bones are frequently met with in various countries. The name 
is of Tartar origin, and is used in Siberia for ait gu that bur- 
row under ground. 

Marl.—A mixture of clay and lime; usually soft, but sometimes 
hard, in which ease it is called indurated marl. 

Mastodon.—A genus of fossil extinct quadrupeds allied to the ele- 
phant. So called from the form of the hind teeth or grinders, 
which have their surface covered with conical mammillary 
crests. 

Matrix.—If a simple mineral or shell, in place of being detached, be 
still fixed in a portion of rock, it is said to be in its matrix. 
Matriz, womb. 

Mechanical Origin, Rocks of.—Rocks composed of sand, pebbles, or 
fragments, are so called, to distinguish them from those of a 
uniform crystalline texture, which are of chemical origin. 

Mica.—A simple mineral, having a shining silvery surface, and ca- 
pable of being split: into very thin elastic leaves or scales. It 
is often called ta/e in common life, but mineralogists apply the 
term talc to a different mineral. The brilliant scales in granite 
are mica. 

Mica-Slate, Mica-Schist, Micaceous Schistus.—One of the lowest of 
the stratified rocks, belonging to the hypogene or primary 
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class, which is characterized by being composed of a large pro- 
portion of mica, united with quartz. 

Miocene.—This is the period next succeeding the eocene, and em- 
braces a larger share of recent or living species among the or- 
ganic remains. Out of 1,021 shells in Europe, 176 only belong 
to animals now living, making the proportion of the recent 
species about 18 per cent. 

Mollusca, Molluscous Animals.—Animals, such as shell-fish, which, 
being devoid of bones, have soft bodies. 

Mountain Limestone.—A series of limestone strata, of which the 
geological position is immediately below the coal-measur es, and 
with which they also sometimes alternate. 

Muriate of Soda.—The scientific name for common culinary salt, 
because it is composed of muriatic acid and the alkali soda. 


New Red Sandstone.—A series of sandy, argillaceous, and often cal- 
careous strata, the predominant colour of which is brick-red, 
but containing portions which are of.a greenish grey. These 
occur often in spots and stripes, so that the series has some- 
times been called the variegated sandstone. The European 
formation so called lies in a geological position immediately 
above the coal- measures. 

Nodule.—A rounded irregular shaped lump or mass. 


Old Red Sandstone.—A stratified rock belonging to the Carbonif- 
erous group (of Europe).. 

Oolite, Oolitic—A limestone, so named because it is composed of 
rounded particles, like the roe or eggs of a fish. The name is 
also applied to a large group of strata, characterized by pecul- 
jar fossils, because limestone of this kind occurs in this group 
in England, France, &c. 

Organic Remains. The remains of animals and plants (organized 

é bodies) found in a fossil state. 

Orthocerata, or Orthocere.—An extinct genus of the order of Mol- 
luscous’ animals, called Cephalopoda, that inhabited a long 
chambered conical shell, like a.straight horn. 

Outliers.— When a portion of a stratum occurs at some distance, 
detached from the general mass of the formation to which it 
belongs, some practical mineral surveyors call it an owtlier, 
and the term is adopted in geological language. 

Oxide.—The combination of a metal with oxygen; rust is oxide of 
iron. 

Oxygen.—One of the constituent parts of the air of the atmosphere ; 
that part which supports life. For a further explanation of the 
word, consult elementary works on chemistry. 








Pelagian, Pclagic.—Belonging to the deep sea. 

Petroleum.—A liquid miner al pitch, so called because it is seen to 
ooze like oil out of the rock. 

Pisolite.—A stone possessing a structure like an agglutination of peas. 
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Pit Coal.—Ordinary coal; called so because it is obtained by sink- 
ing pits in the ground. 

Pitch Stone.—A rock of a uniform texture, belonging to the un- 
stratified and volcanic classes, which has an unctuous appear- 
ance like indurated pitch. 

Pliocene.—This is founded upon the existence, in the beds which it 
embraces, of a greater number of recent than extinct species. 
The pliocene rocks are referred to two periods, the Older Plio- 
ocene and Newer Pliocene. In the newer pliocene, the num- 
ber of extinct species is extremely small. 

Plutonic Rocks,—Granite, porphyry, and other igneous rocks, sup- 
posed to have consolidated from a melted state at a great depth 
from the surface. 

Porphyry.—An unstratified or igneous rock. The term is as old as 
the time of Pliny, and was applied to a red rock with small 
angular white bodies diffused through it, which are crystallized 
felspar, brought from Egypt. The term is hence applied to 
every species of unstratified rock in which detached crystals of 
felspar are diffused through a base of other mineral composition. 

Precipitate.-—Substances which having been dissolved in a fluid, 
are separated from it by combining chemically and forming a 
solid which falls to the bottom of the fluid. Ap process is 
the opposite to that of chemical solution. 

Producta,—An extinct genus of fossil bivalve shells, occurring only 
in the older secondary rocks. It is closely allied to the living 
genus Terebratula. 

Pyrites. (Iron.)—A compound of sulphur and iron, found usually 
in yellow shining crystals like brass, and in almost every rock 
stratified and unstratified. The shining metallic bodies, so 
often seen in common roofing slate, are a familiar example of 
the mineral. 


Quartz.—A German provincial term, universally adopted in scien- 
tific language, for a simple mineral composed of pure silex, or 
- earth of flints: rock-crystal is an example. 


Sandstone.—Any stone which is composed of an aggiutination of 
grains of sand, whether calcareous, siliceous, or of any other 
mineral nature. 

Saurian.—Any animal belonging to the lizard tribe. 

Schist.—Synonymous with slate. 

Seams.—Thin layers which separate two strata of greater magnitude. 

Secondary Strata.—An extensive series of the stratified rocks which 
compose the crust of the globe, with certain characters in com- 
mon, which distinguish them from another series below them, 
called primary, and from a third series above them called ter- 
tiary. 

Sedimentary Rocks, are those which have been formed by their ma- 
terials having been thrown down from a state of suspension or 
solution in water. 
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Selenite.—Crystallized gypsum, or sulphate of lime—a simple min- 
eral. 

Serpentine—A rock usually containing much magnesian earth, for 
the most part unstratified, but sometimes appearing to be an 
altered or metamorphic stratified rock. Its name is derived 
from frequently presenting contrasts of colour, like the skin of 
some serpents. 

Shale.—A provincial term, adopted by geologists to express an in- 
durated slaty clay. 

Shell Marl.—A deposite of clay, peat, and other substances mixed 
with shells, which collects at the bottom of lakes. 

Shingle.—The loose and completely water-worn gravel on the sea- 
shore. 

Silex.—The name of one of the pure earths, being the Latin word 
for flint, which is wholly composed of that earth. French 
geologists have applied it as a generic name for all minerals 
composed entirely of that earth, of which there are many of 
different external forms. 

Siliceous.—Of or belonging to the earth of flint. A siliceous rock 
is one mainly composed of silex. 

Silt—The more comminuted sand, clay, and earth, which is trans- 
ported by running water. It is often accumulated by currents 
in banks, Thus the mouth of a river is silted up when its en- 
trance into the sea is impeded by such accumulation of Joose 
materials. 

Simple Mineral.—Individnal mineral substances, as distinguished 
from the rocks, which last are usually an aggregation of simple 
minerals. They are not simple in regard to their nature, for, 
when subjected to chemical analysis, they are found to consist 
of a variety of different substances. Pyrites is a simple mineral 
in the sense we use the term, but it is a chemical compound of 
sulphur and iron. 

Stalactite.— When water holding lime in solution deposites it as it 
drops from the roof of a cavern, long rods of stone hang down 
like icicles, and these are called stalactites. 

Stalagmite——When water holding lime in solution drops on the 
floor of a cavern, the water evaporating leaves a crust com- 
posed of layers of limestone: such a crust is called stalagmite. 

Stilbite—A crystallized simple mineral, usually white, one of the 
Zeolite family, frequently included in the mass of the Trap 
rocks. 

Strata, Stratum.—When several rocks lie like the leaves of a book, 
one upon another, each individual forms a stratum, strata is 
the plural of the word. 

Strike.—The direction or line of bearing of strata, which is always 
at right angles to their prevailing dip. 

Syenite.—A kind of granite, so called because it was brought from 
Syene in Egypt. 

Synclinal Azis.—W hen the strata dip in opposite directions towards a 
common central imaginary line, it is called a synclinal line or axis. 
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Talus.—When fragments are broken off by the action of the weather 
from the face of a steep rock, as they accumulate at its foot, 
they form a sloping heap, called a talus. . The term is borrowed 
from the language of fortification, where talus means the out- 
side of a wall of which the thickness is diminished by degrees, 
as it rises in height, to make it the firmer. 

Tertiary Strata.—A series of sedimentary rocks, with characters 
which distinguish them from two other great series of strata,— 
the secondary and primary, which lie beneath them. 

Testacea.—Molluscous animals, having a shelly covering. 

Thin out.— When a stratum, in the course of its prolongation in any 
direction, becomes gradually less in thickness, the two surfaces 
approach nearer and nearer; and when at last they meet, the 
stratum is said to thin out, or disappear. 

Trap and Trappean Rocks.—Volcanic rocks, composed of Felspar, 
Augite, and Hornblende.—The various proportions and state 
of aggregation of these simple minerals, and differences in ex- 
ternal forms, give rise to varieties, which have received distinct 
appellations, such as Basalt, Amygdaloid, Dolorite, Greenstone, 
and others. The term is derived from trappa, a Swedish word 
for stair, because the rocks of this class often occur in large 
tabular masses, rising one above another, like the steps of a 
staircase. 

Travertin.—A concretionary limestone, usually hard and semi- 
crystalline, deposited from the water of springs holding lime in 
solution. 

Tuff or Tufa.—An Italian name for a variety of voleanic rock of an 
earthy texture, seldom very compact, and composed of an ag- 
glutination of fragments of scori#, and loose matter ejected 
from a volcano. . 

Turbinated.—Shells which have a spiral or screw form structure. 


Unconformable.—See Conformable. 


Veins, Mineral.—Cracks in rocks filled up by substances different 
from the rock, which may either be earthy or metallic. Veins 
are sometimes many yards wide; and they ramify or branch 
off into innumerable smaller parts, often as slender as threads, 
like the veins in an animal, and hence their name. 





Wacke——A rock nearly allied to Basalt, of which it may be re- 
garded as a soft and earthy variety. 


Zeolite—A family of simple minerals, including Stilbite, Mesotype, 
Analcime, and some others, usually found in the Trap or vol- 
canic rocks. Some of the most common varieties swell or boil 
up when exposed to the blow-pipe. 

Zoophytes.—Corals, sponges, and other aquatic animals allied to them, 
so called because, while they are the habitation of animals, they 
are fixed to the ground, and have the forms of plants. 
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APPENDIX. 


A. 
HISTORY OF THE SURVEY. 


Tue following letter and report, published in the Journal of the 
House of Delegates of Virginia, Session of 1833—’4, relate to the 
history of the origin of the Geological Survey of the State of 
Virginia, the first report on which, that for 1835, was presented to 
the Legislature Jan. 11th, 1836. 


Lerrer From tHe Hoy. Peter A. Browne, oF PHILADELPHIA, 
CoRRESPONDING SECRETARY OF THE GEOLOGICAL SOCIETY OF 
PENNSYLVANIA, TO THE GOVERNOR OF VIRGINIA. 


Puitapetpntia, Sept. 80th, 1833. 
To his Excellency Joun Fioyp, Governor of Virginia: 


Sir: Although I have not the honour of a personal acquaintance 
with you, I have no hesitation in making the present appeal to your 
patriotism and wisdom, not doubting but that I shall find in the 
great and growing interest of the subject to the country at large, 
and particularly to that portion of the Union over which you pre- 
side with so much dignity and discretion, a sufficient. apology for 
occupying so much of your valuable time as will enable you to give 
the present communication an attentive perusal. 

I have recently returned from a geological excursion to Virginia. 
I entered the state near the head waters of the Potomac, passed 
thence to Winchester, followed the course of that fine valley to the 
Natural Bridge; retracing my steps, I turned westwardly at Staun- 
ton, crossed the mountain at Jennings’ Gap, and visited the justly 
celebrated medicinal springs in that region; returning, | went from 
Staunton through Charlottesville to Richmond, and down the James 
to its mouth. When this tour is taken in connection with a former 
visit to Wheeling, it will be conceded that I have seen enough of 
the state to enable me to form a rough estimate of its geological 
and mineralogical importance: and I do assure yon sir, that. al- 
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though my anticipations were far from being meagre, I was aston- 
ished at the vastness and variety of interesting objects in that 
department of natural history, that were constantly developing 
themselves, inviting the mind of man to reflection, and his hands 
to industry, and displaying at every step the wisdom and beneficence 
of the great Creator. 

I determined upon respectfully suggesting to your excellency 
the expediency of a topographical, geological, mineralogical, and 
orgetological survey of Virginia. Should the enlightened represen- 
tatives of the freemen of your state concur in this opinion, it will 
redound to the honor of all concerned, by the encouragement it will 
give to the study of the natural sciences—by the enhancement in 
the value of lands in the interior, thereby enriching the state and its 
citizens, and giving a very proper check to unnatural migrations to 
the extreme west; by bringing to light and usefulness innumerable 
valuable crude materials, thereby not only enlarging the field of 
manufactures and the useful arts, but furnishing carrying for the 
canals and roads already constructed, and assisting in new internal 
improvements in locations of equal importance. That I may not 
appear to be too enthusiastic, pardon me for pointing out some of 
the most obvious features in the geology of Virginia. Whether we 
consider the comfort and convenience of our species, or the indus- 
try and prosperity of a state, there is uo mineral producticn that 
can outvie in importance with that of coal. In this country, where 
we have hitherto always had a superabundance of fuel, owing to 
the vast extent of our natural forests, the importance of a constant 
and abundant supply is not felt, and we are too apt to neglect properly 
to appreciate its value; but it is not so elsewhere, and a moment’s 
reflection will show that it ought not to be so here. Without fuel, 
of what use would be to us the metallic ores? for instance iron, 
which is now moulded, drawn, and worked into thousands and tens 
of thousands of useful instruments, from a knife to the complicated 
machinery of a steam engine, would forever remain an indissoluble 
and useless mass of matter without the aid of fuel. Even the steam 
engine itself, that colossus of modern machinery, without the assist- 
ance of fire, would be inactive and impotent. 

The Rev. Mr. Conybeare, an eminent English geologist, speak- 
ing of the coal veins (or coal measures, as they are calied) of his 
country, thus expresses himself: 

““The manufacturing iedustry of this island, colossal as is the 
fabric which it has raised, rests principally on no other base than 
our fortunate position with regard to the rocks of this series. Should 
our coal mines ever be exhausted it would melt away at once, and 
it need not be said that the effect produced upon private and domes- 
tic comfort would be equally fatal with the diminution of public 
wealth: we should lose many of the advantages of our high civil- 
ization, and much of our cultivated ground must be again shaded 
with forests to afford fuel to a remnant of our present population. 
That there is a progressive tendency to approach this limit is cer- 
tain, but ages may yet pass before it is felt very sensibly, and when 
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it does approach, the increasing difficulty and expense of working 
the mines of coal will operate by successive and gradual checks 
against its consummation, through a long period, so that the tran- 
sition may not be very violent; our manufacturers would first feel 
the shock, the excess of population supported by them would cease 
to be called into existence as the demand for their labor ceased, the 
cultivation of poor lands would become less profitable, and their 
conversion into forests more so.” 

Where is the state in this Union—I might perhaps safely ask, 
where is the country in the world—that can surpass Virginia in the 
variety of position and abundance of supply of this valuable com- 
bustible? She possesses not only in common with her sister states, 
a liberal quantity of bituminous coal in her western and carbonace- 
ous regions, where, according to geological calculations, bituminous 
coal might be reasonably expected to be found ; but in the eastern di- 
vision of the state, within a few miles of the tide water of a majestic 
stream which empties its ample waters into the Atlantic Ocean, in 
a geological position where bituminous coal never would have been 
sought after, becanse bituminous coal could not there have been ex- 
pected to have been found; bituminous coal of a good quality, and 
apparently in great abundance, has been found; nature seeming as 
it were, in this instance, to enable her to favor an otherwise highly 
favored land, to have defied all her own rules and baffled the skill 
of the gravest geologist, by depositing bituminous coal upon the 
naked and barren bosom of the uncarbonaceous granite! I have 
often wondered why this anomaly did not strike the capacious and 
highly gifted mind of Jefferson; and why he or some other of the 
many reflecting men of Virginia, was not led by it to inquire what 
else there might be in store for the good people of that state? By 
neglecting to seek for them, we ungratefully reject the proffered 
kindness of our Creator; the laws of inanimate m:tter are, in this 
respect, in unison with those that govern animated nature. We are 
furnished with the material and means, but in order to stimulate us 
to useful and healthful industry, we must labor in their appropria- 
tion. God gives us the earth and the seed, but we must plough and 
sow, or we can never reap; so he has bountifully placed within our 
reach innumerable invaluable rocks, minerals and combustibles, 
but to enjoy them, we must delve in the bowels of the earth, and 
having found them, we must by various laborious processes render 
them fit for our use. 

To those who are accustomed to regard these things, it is difficult 
to determine which cause the most painful sensations, to observe 
how few coal mines, in comparison to what might be, are opened 
in the neighborhood of Richmond, or the want of skill exhibited in 
the selection and working of those recently opened. Nor is the 
deposite of bituminous coal upon the granite, the only geological 
anomaly of this quarter. Proceeding from Charlottesville towards 
Richmond, almost immediately after you leave the talcose formation 
of the Blue Ridge, you are astonished at the fertility of the soil; 
you can scarcely persuade yourself that you are travelling over a 
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country of primitive rocks. Soon, however, you discover that the 
fertility is not universal, but confined to patches of a brick-red cover- 
ing that overlie the disintegrated materials of the primordial forma- 
tions, and upon seeking further into this curious matter, your sur- 
prise is not a little increased on discovering that this brick-red cover- 
ing owes its existence to the disintegration of a rock which, in most 
other places, is exceedingly slow to decompose, and which, when 
decomposed, forms a cold and inhospitable soil. It is the hornblende 
sienite. Uere it is surcharged with iron, which oxidating by ex- 
posure to the atmosphere and moisture, the rock freely disinte- 
grates, and the oxide of iron being set at liberty, imparts its coloring 
to the ground and fertilizes the soil in an extraordinary degree. 

Professor Hitchcock, in his report of a geological survey of Mas- 
sachusetts, makes the following remarks in relation to the effect of 
iron upon a soil: 

‘* No ore except iron occurs in sufficient quantity in the state to 
deserve notice in an agricultural point of view. In the west part 
of Worcester county, the soil for a width of several miles across - 
the whole state, is so highly impregnated with the oxide of iron, 
as to receive from it a very deep tinge of what is called iron rust. 
This is particularly the case in the low grounds, where are frequently 
found beds of bog ore. Ido not know very definitely the effect of 
this iron upon vegetation, but judging from the general excellence 
of the farms in the Brookfields, Sturbridge, Hardwick, New Brain- 
tree, Barre, Hubbardston, &c., I should presume it to be good. 
Certainly, it cannot be injurious; for no part of the county exceeds 
the towns just named in the appearance of its farming interests, 
and nearly all the county, as may be seen by the map, is of one 
formation. It would be an interesting problem, which in that 
county can be solved, to determine the precise influence of a soil 
highly ferruginous upon vegetation.” 

Next in geological and statistical importanee, I would place the 
mineral springs of Virginia; and these would form a legitimate 
subject. of investigation to those who should be appointed to con- 
duct a geological survey. 

I am not aware of any portion of the country of the same ex- 
tent, possessing an equal number and variety of mineral springs as 
the counties of Bath, Greenbrier and Monroe, This is a subject 
upon which one might easily compose a book, but I must confine 
myself to a few lines. The waters are thermal and cold; the for- 
mer of various degrees of intensity. They hold in solution a variety 
of metals, earths, acids and alkalies, combined in various proportions, 
and suited to relieve the sufferings of invalids from a number of dis- 
eases. Mineral springs of less interest than these have excited the 
attention of the learned in almost every age and country, and Vir- 
ginia owes it to her high mental standing, independently of every 
other consideration, to assist the cause of science by investigating 
the causes of the high temperature, and making accurate analyses 
of these valuable waters. It is the duty of states, as it is of indi- 
viduals, to furnish their quota to the general stock of information; 
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and this is peculiarly the duty of a republican state, whose happi- 
ness, nay, whose very political existence depends upon an improved 
state of the minds of its citizens. Mr. John Mason Gvod, in his 
‘“‘ Book of Nature,” after describing the state of society in the middle 
ages, says: ‘* We have thus travelled over a wide and dreary desert, 
that like the sandy wastes of Africa, has seldom been found re- 
freshed by spots of verdure, and what is the moral? That igno- 
rance is ever associated with wretchedness and vice, and knowledge, 
with happiness and virtue. These connections are indissoluble; they 
are woven in the very texture of things, and constitute the only 
substantial difference between man and man,” and I would add, 
between state and state. 

Has the heat of these waters any connection with volcanic phe- 
nomena? Or is the temperature entirely chemical, originating in the 
decomposition of sulphuret of iron, as I suggested some years ago 
in a paper published upon the subject? At the Hot Springs, the 
hot sulphur water and the cold pure water, issue out of the calca- 
reous rock at the base of the Warm Spring mountain, within a few 
feet of each other. One of these Virginia springs makes a copious 
deposit of calcareous tufa, and at another, you perceive newly 
formed chrystals of sulphate of iron. The White Sulphur spring 
takes its name from a rich white deposite, and the Red Sulphur 
from one of that color. If this is not an uncommon and a highly 
interesting section of the country, calling aloud for investigation 
and meriting legislative interference, then have I taken an entirely 
erroneous view of the subject. 

The Warm Spring mountain is white sandstone. The rocks of 
the Valley of the Hot Springs are calcareous argillaceous and sili- 
ceous. They are all nearly vertical. At first the two former and 
afterwards the two latter, alternate. They have all been deposited 
in a horizontal position, and between their narrow strata are thin 
layers of clay covering organic remains. Those of the lime and 
slate are principally zoophytes. That of the siliceous is the fossil 
described by Dr. R. Harlan, from a specimen obtained by me in the 
western part of the state of New York. He supposed it to bea 
now extinct fossil of the family Fucoids; and he has called it /ucoide 
Brongnidotic, in honor of M. Brongniart. But I suppose it to be 
animal, and to belong to the family of the encrinites. 

The mountain ranges of Virginia are more numerous, and the 
valleys consequently narrower than in Pennsylvania, but some of 
them are very interesting. The great valley, as it is sometimes 
called, or par excellence, the valley, situate between the Blue Ridge 
and the North and Alleghany mountain, is by far the most ex- 
tensive. The rocks often obtrude, rendering the soil rather scanty, 
but nevertheless this is a fine district of country. 

I could find no fossilsin this rock. In regard to the metallic ores 
I would observe, that I discovered sufficient indications of their ex- 
isting in Virginia in quantity sufficient to justify a more accurate 
examination. Iron abounds in almost every part of the western 
section of the state; traces of copper, lead, manganese and chrome, 
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have also been discovered near the Blue Ridge; and the gold found 
in Orange county is equal to any found in the Carolinas or Georgia. 

J have never seen any thing that exceeds the richness and vari- 
ety of coloring of the serpentine of the Blue Ridge. This mineral 
is easily cut, and the fineness and closeness of the grain renders it 
susceptible of a high polish ; at Zoblitz, in Saxony, several hundred 
persons are employed in its manufacture. Besides the minerals be- 
longing to the talcose formation, and generally accompanying ser- 
pentine, are many of them valuable in the arts, for instance stea- 
tite, (soapstone,) talc, chromate of iron, chlorite slate, and native 
magnesia. A geological survey would, most probably, lead to the 
discovery of most of these minerals. 

I could make large additions to this communication, but for the 
fear of trespassing upon your patience. I will, therefore, close my 
observations with noticing two instances of want of confidence in 
the mineral productions of your own state, which I am persuaded 
that a geological survey would tend to correct. I met many wag- 
ons loaded with sulphate of lime, (gypsum), from Nova Scotia, being 
taken to the interior to be used as a manure; but I did not see one 
wagon employed to bring carbonate of lime (common limestone), 
from the inexhaustible quarries of the great valley to any other dis- 
trict to be used for the same purpose. In the beautiful and flour- 
ishing city of Richmond, I observed the fronts of two stores fitted 
in the new and fashionable style with granite (so called), (sienite), 
from Massachusetts, while there exists in the James river and on 
its banks, in the immediate vicinity of the town, rocks of a superior 
quality, in quantities amply sufficient to build a dozen cities. 

I have the honor to be, sir, 
Your obedient servant, 
Peter A. Browne. 


Report From THE SeLeot CoMMITTEE oF THE GENERAL ASSEMBLY 
OF VIRGINIA, TO WHOM WAS REFERRED CERTAIN MEMORIALS FROM 
Morean, FREDERIOK AND SHENANDOAH Counties, PRAYING FOR 
A GEOLOGIOAL SURVEY OF THE STATE, WITH A VIEW TO THE 
DISCOVERY AND DEVELOPMENT OF ITS GEOLOGICAL AND MINERAL 
RESOURCES.* ) 


The select committee to whom was referred sundry petitions 
from the counties of Morgan, Frederick and Shenandoah, on the 
subject of a geological and chemical survey of the state, have had 
that subject under consideration, and respectfully Report : 

1. In looking to the example of other countries, as well as of 
several of our sister states, it would appear that great practical im- 
portance is attached to the geological and chemical inquiries which 


* The language and substance of this report bear clear evidence of having 
been prepared for the committee by William B. Rogers, at that time Professor 
of Natural Philosophy and Chemistry in Wiliiam and Mary College, and who 
was subsequently appointed director of the Geological Survey of the state. 
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they have respectively instituted. In conjunction with extensive 
and minute topographical surveys, many of the governments of Eu- 
rope have set on foot systematic and detailed inquiries into the 
geological features and mineral resources of their respective do- 
mains. France, Sweden, Russia, several of the German and Ital- 
ian states, and Great Britain, have shown great activity in push- 
ing forward these investigations. The latter government espe- 
cially, has distinguished herself by liberal and steady zeal in de- 
veloping those natural resources of the land, which form the basis 
of her wealth and power. The ordinance map of Great Britain, 
which is yet only in part published, and which, besides topo- 
graphical, contains also geological details, is looked upon as a 
signal proof of the liberal spirit and practical wisdom of the gov- 
ernment of that country. In this country, likewise, a growing 
conviction of the great importance of such inquiries has led several 
of the states to make provision for extensive practical surveys, on a 
plan somewhat analogous to those conducted in Europe. The sur- 
vey of Massachusetts, under the superintendence of Professor 
Hitchcock, of Amherst College, has already been completed, and 
judging from the immense mass of details, under the head of eco- 
nemical geology, embodied in his comprehensive report recently 
published in a large octavo volume, there can be no doubt that 
the community for whose benefit the survey was undertaken has 
been amply gratified by the important discoveries it has brought to 
light, and the valuable practical bearings of most of its details. In 
this report, we behold a state possessing but little variety of geo- 
logical features, displaying an amount and diversity of resources, (in 
part until now undiscovered, and never before arranged so as to 
be understood,) which cannot be contemplated without pride and 
satisfaction. Maryland and Tennessee are following the wise ex- 
ample of Massachusetts, and there is reason to believe that New 
Jersey, Pennsylvania, and New York will, either during the present 
or the next year, authorize similar undertakings. In the prelimi- 
nary report of Prof. Ducatel, of Maryland, will be found the most 
abundant evidence of the practical benefits which are to be an- 
ticipated from such researches. Though based upon a merely super- 
ficial reconnoissance of the state, this valuable document develops 
a number of interesting facts in its geology, of which little or noth- 
ing has been previously known, and from which new impulses to 
the enterprise of extensive districts of the state may be confidently 
expected to proceed. The subsequent report recently presented to 
the legislature of Maryland, embodying all the details of the first 
year’s operations in regular survey, has not yet reached us, but 
from what we learn, the developments which it contains are of 
a character to enlist the wisdom and patriotism of the state very 
warmly in the prosecution of the survey. Of the practical utility 
of the researches now in progress in Tennessee, the published re- 
ports and other documents relating to the subject, speak in the most 
unqualified and encouraging language. The labors of Professor 
Troost, to whom this survey has been committed, have already 
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contributed a large amount of useful information relative to the 
mineral and agricultural resources of the soil of Tennessee. In the 
other states above alluded to, the adoption of similar measures for 
the investigation of their natural territorial resources, has been de- 
layed from year to year by considerations of economy, to which 
the heavy debts accumalating in the prosecution of public improve- 
ments, have constrained them to defer. But no doubt appears to 
have existed of the reai utility and highly important practical bear- 
ings of judiciously conducted geological and chemical surveys. 
Indeed, notwithstanding the heavy incumbrances under which some 
of those states are now laboring, projects of such surveys are at 
this time under discussion in their legislatures; and there seems to 
be no doubt, that either now or at some early day, the necessary 
provisions will be made for commencing the investigations desired. 
2. Witnessing the valuable results of these researches in Europe, 
and in some parts of the United States, we should of course antici- 
pate similar benefits from enquiries of this nature conducted within 
our own territory. Nor would it be necessary, in order to feel con- 
vinced of the utility of such a survey as applied to Virginia, to refer 
in detail to those particulars in the physical character of the state, 
upon which it would bear with the most direct and prominent ad- 
vantage. All are willing to admit the great extent and value and 
diversity of our mineral wealth, and at the same time to confess 
that its distribution through our territory, its precise boundaries in 
any one locality, its exact nature as ascertained by science, and its 
susceptibility of economical and profitable application to the pur- 
poses of commerce, manufactures, and the arts of life, are matters 
of which scarcely anything as yet has been accurately determined. 
The mere surmises of ignorance or the imperfect observations of 
the inexperienced explorers who have examined without any ade- 
quate lights to direct their investigations, appear to have furnished 
nearly all the knowledge on these points, of which we have as yet 
become possessed. To feel thus assured of the existence of a great 
variety of mineral riches within our territory, and at the same time, 
except in a few instances, to have availed ourselves of but little of 
the benefits it proffers, and to know but little of its position, nature 
or extent, are certainly in themselves powerful reasons for the 
adoption of some scheme of systematic, minute and extensive re- 
search. But, however obviously the advantages of such surveys 
might be inferred from these considerations in connection with the 
acknowledged benefits which other states have derived and are de- 
riving from them, your committee have felt it incumbent to enquire 
more particularly into the specific bearing which enquiries of this 
nature would have upon all the great divisions of our territory. 
In attending to this point, a number of interesting particulars have . 
come to their knowledge, some of which are perhaps not generally 
known, and all of which confirm them in the belief that such a sur- 
vey as the one in question, cannot fail to prove eminently adyan- 
tageous to our state. Most of the facts here referred to have been 
discovered by mere accident, and by persons seemingly unconscious 
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of their importance; consequently, little or no improvement of 
them has been made, and no researches undertaken to ascertain 
their real extent or value. In adverting to the beneficial applica- 
tion of such a survey to the several great divisions of our territory, 
your committee feel at liberty to touch only on some of the more 
prominent particulars in which its utility would be felt; and in- 
deed, it is only in the actual progress, or at the completion of the 
investigation, that the most important of its practical bearings can 
be appreciated and understood. Discoveries of great general in- 
terest and of invaluable local importance, would, there is reason to 
believe, reward even the earlier efforts of those connected with the 
enterprise ; and the districts of the state, at present almost deserted 
from supposed meagreness of resources, would behold, spread out 
beneath their soil, the rich earths, which were soon to diffuse fer- 
tility over their hills and plains, or the valuable rocks and ores from 
which enterprise was to derive new incentives to exertioa. 

3. Commencing with the tidewater part of the state, your com- 
mittee would remark that the vast marine deposits of shells and 
other calcareous matter which underlie a great part of this region, 
may be considered practically, as well as ina scientific aspect, as 
one of the most important features in the geology of the state. The 
exhausted soils of many of the eastern counties are already exhibit- 
ing the most astonishing proofs of the fertility which this calcareous 
matter is capable of bestowing, and it may be confidently expected 
that when a more extensive and systematic attention to the employ- 
ment of this manure shall have been adopted throughout eastern 
Virginia, a degree of agricultural wealth and prosperity will be real- 
ized, of which a few years since, or even at this time, it would be 
difficult to conceive. To the rapid, general and successful extension 
of this ameliorating system, there can be no doubt that a geological 
and chemical examination, extended to all the eastern counties, 
would be in a high degree conducive; in most of them marl has 
already been discovered, cliffs of it appear on all our rivers, and 
sometimes for miles an uninterrupted bed of this precious manure 
forms one or both of the confines of the stream. But of the com- 
position of its numerous varieties, of the districts which they sev- 
erally occupy, and of the value of the various earths with which 
they are associated, but little general or systematic knowledge has 
been acquired. To one individual, the able editor of the Farmers’ 
Register, the state is indebted for nearly all that has been done on 
the subject. But how important would it be to investigate the ex- 
tent and character of this deposit more minutely ; to trace it up- 
wards from its first appearance near the mouths of our rivers ; then, 
by transverse lines, to explore all the counties in its range, and at 
each step of the investigation to ascertain its agricultural value by 
chemical analyses! 

Within the tidewater district also, but in a region to which the 
common marl does not generally extend, another deposit of even 
higher fertilizing properties than the former has recently been dis- 
covered. This substance, called green sand, from its consisting of 
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granular particles of a green aspect when dry, is geologically an 
older deposite than that which embodies the ordinary shell marl. 
In the beds of the latter, however, in many situations, a very large 
percentage of the green sand has been discovered, and the value of 
the marl is believed to be much increased by the presence of this 
ingredient. The extent of this immense green sand deposit is yet 
conjectural, but that it reaches, with perhaps no interruption, from 
the Potomac to the Roanoke, may be confidently asserted. It shows 
itself on our rivers at a distance varying from a few miles to 20 or 
39 from the head of tide, and it may be interesting to remark that 
the geologist of Maryland, guided by the experience of those who 
ascertained its existence in Virginia, has recently discovered a con- 
tinuation of the deposit throughout the neighboring state. Of its 
relative value in the different localities, nothing is yet known; re- 
specting the depth and breadth of the deposit, scarcely anything has 
been ascertained. Here then would be an important field of geo- 
logical and chemical enquiry, and one in which the agriculture of 
lower Virginia could not fail to be deeply interested. 

Associated. with this deposit, and generally forming the superior 
stratum, is an extensive formation of selenite or gypsum. Whether 
this be an invariable attendant of the green sand, is of course unde- 
termined, since of that deposit so little is yet known; but so 
far as observation has yet extended, it would seem to be a gen- 
eral associate of the green sand, specimens from the Potomac, Rap- 
pahannock, Pamunkey, and James rivers agreeing in containing 
some portions of gypsum. 

In this region, too, a variety of clays suitable to different species 
of pottery are known to exist, an exainination of which would 
doubtless lead to the introduction or extension of an important 
branch of industry. Alum earth and copperas earth, of which im- 
mense quantities are found in Maryland, and applied to the manu- 
facture of alum and green vitriol, exist also in this part of our state, 
and probably in great abundance. Bog iron ore, one of the most 
valuable of all the ores of that metal, would also be met with exten- 
sively. Bordering on this region, at its upper limit, a variety of 
valuable products might be expected. In the south, especially, the 
secondary rocks immediately adjacent to the granite ledge would be 
deserving of particular attention. In this vicinity might be antici- 
pated a third deposit of fertilizing marl, identical in position with 
the gunpowder marl of New Jersey. A stratum of magnesia earth 
has, within a few years, been discovered at one point along this line, 
and it is not improbable that its value, either in agriculture or in 
the manufacture of epsom salts, may lead hereafter to its profitable 
employment. Chemical examination would determine the value of 
these various matters, and new incentives might thus be given to 
the manufacturing enterprise of this portion of the state. The sey- 
eral varieties of water furnished by springs and wells would also 
form a subject interesting to health, and in other respects practically 
useful. 

4, The spuce extending from the granite ledge to the Blue Ridge, 
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embracing all the varieties of primary rock, containing the yet 
imperfectly traced gold region, the bituminous coal fields, and a 
vast variety vf other mineral wealth, is next to be considered. Here, 
to trace out the gold region entirely through the state, would be an 
important and useful work. From what is already known of this 
deposit, there is every reason to augur its great extent and value. 
Indications of this metal have been found even in Goochland and 
at other points far removed from the supposed line of the formation. 
A systematic enquiry on the subject would evidently result in much 
practical advantage, not only by opening up new discoveries, but by 
preventing those ruinous expenditures which are occasionally in- 
curred for want of the proper guides to enquiry and research. The 
coal field of Goochland, Chesterfield, and Powhatan, from which 
eastern Virginia has already reaped so many benefits, would present 
a most interesting subject of geological examination. To ascertain 
the dips and convolutions of the various strata overlying and sub- 
jacent to the coal, and to investigate more attentively than has yet 
been done the line of outcrop connected with the coal, might lead 
to discoveries of no small importance to the prosperity of the state. 
That the real extent of those coal beds is not yet accurately known, 
is evident from the discovery of indications of this mineral in situa- 
tions at some distance from any of the workings; for instance, 
on ree line of the contemplated Richmond and Fredericksburg rail- 
road. 

In Prince Edward too, bituminous coal is found, and there is 
reason to believe that the seam from which the specimens have been 
derived forms part of a very extensive basin of this mineral. Nor 
is it improbable that between the Richmond and Prince Edward 
deposits and in the same geological range towards the north, this 
valuable mineral might be brought to light. Among the granite 
and feldspar of the region we are now considering, valuable deposits 
of porcelain clay are already indicated. <A stratum of this substance 
is known to exist in the vicinity of Charlottesville, and specimens 
have recently been obtained from a bed in Goochland, which in ap- 
pearance, give promise of considerable value. That this earth will 
be found in many places throughout the region referred to, there can 
be no doubt. The rock feldspar, from which it is produced by the 
slow action of the elements, is an important constituent of our 
granite, and exists in some places in a separate mass. It is with 
this rock that the earth is mingled in certain proportions in the 
fabrication of porcelain; and the very beautiful material of this 
nature, now so successfully manufactured in Philadelphia, is formed 
of the clay and feldspar procured in the vicinity of that city and 
Wilmington, localities in the same geological range with the region 
in our state to which we now refer. 

In this region too, will be found valuable beds of iron ore of 
various kinds, some of which are already known and wrought. 
Serpentine and magnesian rocks also occur, in connection with 
which the valuable ore from which chrome yellow is manufactured, 
may be expected to exist. In the vicinity of the Southwest and 
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Buffalo mountains, on both sides, a variety of important minerals 
are embedded. The shale of this ridge in Amherst and other places 
yields, by the action of the atmosphere, great quantities of green 
vitriol, which impregnating the water as it filters through the rock, 
gives rise to some of the most powerful chalybeate springs in the 
United States. To the east of this ridge a belt of blue limestone — 
appears, which would seem to be a continuation of the Potomac 
marble. From the continuity of this narrow vein through Maryland, 
high up into Pennsylvania, it would appear to constitute a very im- 
portant feature of the geology of this district. It crosses the Po- 
tomac, and rises in one or two places before it appears very dis- 
tinctly at Everettsville, and then shows itself very abundantly in 
Amherst, where it is associated with marble of a superior quality. 
On the eastern side of this belt, is a large vein of flint, which ex- 
perience shows to be equal to the common gun flint. Copper occurs 
very abundantly on the west side of the Buffalo ridge, and would 
probably be found interruptedly in the same range throughout the 
state. In the continuation of this line, it is found abundantly in 
Maryland, associated with iron and manganese. These metals would 
appear to be associated with it in Amherst. The vein of copper in 
this county was largely worked prior to the revolution, and the im- 
pression prevails that a valuable percentage of gold is contained in 
the ore. Such is the fact in regard to a copper ore which is now 
wrought in New Jersey, and analysis might be usefully directed to 
this point with reference to the Virginia ore. The particulars here 
stated are only a few of what might be gleaned from the personal 
observations of intelligent farmers or scientific tourists, who have 
paid attention to the geology of this region, but they are abundantly 
sufficient, in the mind of your committee, to evince the advantages 
which this section of the state would derive from systematic geologi- 
cal and chemical enquiry. 

5. The valley of Virginia would offer a multitude of valuable 
discoveries, and among them extensive beds of coal would certainly 
be numbered. The anthracite recently discovered in the counties of 
Berkeley, Augusta, and Morgan, and the extensive mines of bitumi- 
nous coal of Hampshire, indicate what may be anticipated from mi- 
nute and judicious research. If we look to the inexhaustible depos- 
ites of this precious mineral which the enterprise of Pennsylvania 
has brought to light, and with which, perhaps, more than any other 
of her vast mineral resources, she is now building up the permanent 
fabric of her wealth and power, with what satisfaction should we 
welcome a discovery which, properly improved, may lead to an 
equally enviable condition of prosperity in one of the loveliest and 
richest sections of our state. In this region, the noble ranges of the 
North and Warm Spring mountains, with their numerous subsidiaries, 
would furnish an almost unexplored field to the geologist. Valuable 
metallic ores, in addition to those already discovered, and new 
medicinal springs would here reward his labors. The sandstones, 
limestones, slates, and marbles, yet reposing unbroken in the hills, 
would all be subjects of interesting observation. He would also ex- 
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amine the rich saline deposites of the caves, and gypsum with which 
it is sometimes abundantly associated. The beautiful and copious 
fountains in the Warm Spring valley, including the Warm, Hot, 
Sweet, Alum, and other springs, would claim his scientific scrutiny. 
The other waters, such as those of Bath in Morgan county, and Au- 
gusta, would also be examined. These and a variety of other objects 
to which geclogical and chemical enquiry might be profitably directed 
in this region, have an importance which must give peculiar interest 
to the prosecution of such researches in the great valley of Virginia. 

6. Beyond the Alleghany we behold a region of almost unparal- 
leled natural riches. Here we have the vast bituminous coal forma- 
tion of the west, as extensively displayed as in Pennsylvania; and 
in addition, salines and a gypseous formation with which even New 
York cannot compete. The immense strata of this region, sweeping 
with a gentle inclination from the mountains, extend far west, until 
they reach the Mississippi in nearly horizontal planes. The ocean 
that once rested on this vast tract, besides the legible impressions of 
his former sway, visible in almost every rock, has left deep in the 
earth, and in some places extending to its surface, the rich treasures 
of salt with which its waves were once freighted. In some places 
as near Abingdon, this saline matter would appear to exist beneath 
in massive form. Amid the spurs of the Alleghanies are abundant 
evidences of coal; metallic ores, among which may be enumerated 
lead and iron, are also found in this western region. Here too, are 
poured out many of those healing waters to which crowds of inva- 
lids now annually resort. In a word, this portion of the state teems 
with matter of interesting enquiry. Yetitis only at afew points that 
its treasures have been opened up, and but little certain is yet known 
of their relative arrangement, of their extent, or their comparative 
value. This vast territory is destined by its mineral riches alone to 
become at some future day one of the most prosperous and wealthy 
districts of the state, and no part of Virginia is more deeply inter- 
- ested in procuring a geological survey. 

7. Besides the numerous points of enquiry alluded to in the above 
brief review of our territory, there is one investigation which 
would be applicable to all sections of the state, and which would 
undoubtedly contribute to the general benefit of our agriculture. 
We refer to a systematic analysis of all the important varieties of 
soil within the state. This would be a work of great labor, but 
would unquestionably repay the state one thousand fold. 

8. Keeping permanently in view the peculiar practical bearings 
by which such a survey should be directed, a proper attention 
should also be paid to those general and scientific relations which the 
progress of the investigation would disclose. In many instances, 
the generalizations of science would be found of great utility in 
guiding observation; and the determination of many interesting 
questions of a purely scientific nature, would be incidental to the 
practical researches of the geological and chemical enquirer. The 
relative ages of all the great formations of the state, might event- 
ually be made out; the periods at which disturbing causes, at many 
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points, broke up and contorted the stratification, and the relations 
of the various agencies which have formerly been in operation in 
our territory to those now in action, both as to quantity and kind, 
would ali be elucidated in the progress of the survey. The geolo- 
gists of Europe are so well aware of the interest’ that attaches to 
this portion of the United States, on account of the diversity and 
extent of its formations, that they are at this moment looking with 
impatient anxiety for some systematic effort to unfold its true phys- 
ical character, and to bring fully to light treasures that lie hidden 
beneath its surface. 

In the execution of the proposed geological and chemical survey, 
your committee would observe, in conclusion, that the mest advisa- 
ble plan would seem to be, to divide it into two parts: namely, Ist. 
A geological reconnoissance of the state, with a view to the general 
geological features of our territory, and to the chemical composi- 
tion of its soils, minerals and mineral waters: and, 2d. A detailed 
geological survey of the various sections of the state. The first part 
of the plan would possess of itself a separate and independent value, 
would be attended with but little expense, and would furnish to a 
succeeding legislature the most satisfactory means of estimating the 
value of a detailed survey, and of deciding or pausing at the point 
to which we should then have attained, or of proceeding directly to 
the execution of the entire scheme. 

In conformity to these views, and with the object of advancing 
directly to the accomplishment of the first part of the plan, your 
committee beg leave respectfully to report the accompanying Dill. 


An Act TO AUTHORIZE A GEOLOGICAL RECONNOISSANCE OF THE 
STATE, WITH A VIEW TO THE CHEMICAL COMPOSITION OF ITS 
Sorts, MingraLs, AND Minerat WATERS, 

(As amended from the bill reported by the committee, and passed by the General As- 

sembly of Virginia.) 

1. Be it enacted by the general assembly, That as soon after the 
passage of this act as it may be convenient, it shall be the duty of 
the board of public works to appoint a suitable person to make a 
geological reconnoissance of the state, with a view to the general 
geological features of our territory, and to the chemical composition 
of its soils, minerals, and mineral waters, and to report to the next 
general assembly a plan for the prosecution of a geological survey 
of the state, together with such facts as may have come to his 
knowledge during the progress of said reconnoissance, illustrative of 
any advantages likely to accrue from a more complete examination. 

2. Be it ‘further enacted, That the said board of public works 
shall have authority to allow to the geologist who may be employed 
under the provisions of this act such compensation as they may 
deem reasonable to be paid out of any unexpended moneys in the 
treasury: Provided, That such compensation shall not exceed the | 
sum of fifteen hundred dollars. 

8. This act shall commence and be in force from the passing 
thereof.* 

* This act was passed March 6, 1835. 
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B. 
ASSISTANTS EMPLOYED ON THE SURVEY. 


The assistants employed on the survey, some for a single year 
and others for a longer time, were, O. B. Hayden, Geo. W. Boyd, 
J. B. Rogers, Israel Slade, Caleb Briggs, H. D. Rogers, Dr. W. E. A. 
Aiken, Samuel Lewis, Thomas S. Ridgeway, R. E. Rogers, and for 
a part of one season Mr. M. Wells. 


C. 


The following paragraph is found in the author’s copy of the 
Report for 1835, following the fourth paragraph on page 113: 

“The composition of this ore, (Iron ore) now not known, would 
throw great light on this interesting result, and might enable those 
engaged in the Iron works of the country, to secure a uniform pro- 
duction of this more valuable form of metal, instead of being sub- 
ject to the capricious results of having cast iron at one time, and at 
another, without any apparent reason, a superior quality of steel.” 


is 


In the original work the paragraphs included in pages 366, 367, 
and a part of 368 are in a different order from that here given. 
The present arrangement is adopted in conformity with a correc- 
tion made by the author in his own private copy. 


EK. 
NITRATES IN CAVE EARTSS. 
From Proceepincs or Boston Society or Naturat History, Vol. 5, p. 334, 1856. 


Professor William B. Rogers remarked that from his observa- 
tions in the Caves of the Middle and Southern States, he was satis- 
fied that the earthy deposit containing the nitrates, known in some 
places as Petre dirt, was chiefly derived from the overhanging and 
adjacent rocks, and not from sediment brought into the Cave by ex- 
isting or former streams. The limestone, in which the nitriferous 
caverns are found, often contains a large amount of siliceous and ar- 
gillaceous matter, and in some instances, a marked proportion of or- 
ganic substances. The more pervious layers, gradually deprived of 
their carbonate of lime by the leaching action of the water in filter- 
ing from above, are reduced to an earthy mass, the mere caput 
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mortuum, as it were, of the original rock. In some cases this de- 
composition pervades the stratum for a great distance; the residu- 
ary, fine-grained, ashy clay retaining the lamination and bedding 
which it had before the change. In course of time, the earthy mass 
falls to the floor by its own weight, aided, perhaps, by occasional 
tremors of the ground, or it is detached by the load of stalactites 
suspended from it below, and thus comes within the levelling and 
transporting action of the streams flowing through the cave. 

As to the production of the nitrates with which the Petre dirt 
is more or less impregnated, Professor Rogers thought that it could 
not, in any large degree, be referred to the excretions and other re- 
mains of animals occasionally found in these caves; since the quan- 
tity of nitrogen required for this purpose would far exceed such a 
means of supply. Besides this, the nitrates are found in the earthy 
mass while it is still adhering to the roof or walls and far removed 
from the organic matter supposed to be buried in the floor. Nor 
can we regard the nitrogen as chiefly derived from organic sub- 
stances in the decomposing rocks. For, in the case of some caves 
producing Petre dirt, the surrounding limestone contains only a 
trace of such ingredients. We must, therefore, refer the formation 
of the nitric acid, and ultimately the nitrates, to mutual chemical 
reactions between the porous calcareous earth and the contiguous 
atmosphere. 


sae 
THE GROWTH OF STALACTITES IN CAVES. 


From Procerpines or THE Boston Society or Natura History, Vol. 5, page 336, 
1856. 


A drop of water charged with Carbonate of Lime is seen to 
form at a particular point of the roof and after its descent, another 
drop, by the same mechanical causes, takes its place. It is not 
necessary to suppose a hole around which the concretion may col- 
‘lect. Usually there is none. At the margin of the drop where it 
thins away to a film, evaporation and the loss of carbonic acid com- 
bine to cause a precipitation of part of the dissolved carbonate, 
which on separating, attaches itself to the rock in the form of a very 
delicate white ring, corresponding to the margin of the liquid. 
Each succeeding drop deposits a similar ring in contact with and 
beneath that already formed, until the whole is prolonged down- 
wards in the shape of a guill-like tube. This, from its vertical posi- 
tion, invites the water of the adjoining part of the roof to descend 
along its outer surface, and now an exterior and more rapid growth 
begins. Usually the former process continues to operate for a long 
time after the external growth has commenced; so that the stalac- 
tite, in some cases, retains its open central canal until it has reached 
a length of a foot or more, and a diameter at its base of two or three 
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inches. As the water which flows along the outside of the tube, 
parts at each step with a portion of its calcareous charge, and thus 
grows continually less capable of forming the deposit, the rate of 
deposition must diminish somewhat regularly from the upper to the 
lower end of the mass. Hence it is that stalactites, formed in posi- 
tions where their growth on all sides is freely permitted, have 
always a sharply conical or tapering form. 

The drops which fall from these pendants to the floor, still retain 
a portion of carbonate of lime in solution; but as the shocks of the 
impact and the spreading of the liquid greatly favor the escape of 
its carbonic acid, a further deposit must be formed in this position, 
and thus the stalagmite grows upwards to meet the stalactite grow- 
ing downwards, until, in many cases they unite to form a column 
reaching from the floor to the ceiling of the cave. 

As in general the infiltering water follows the joints and planes 
of stratification of the limestone rock, the fashion or pattern of 
the stalactite drapery will be more or less determined by the position 
and arrangement of these divisional surfaces. Where, as in parts of 
Weyer’s Cave, in Virginia, these planes of bedding are steeply in- 
clined, and meet the roof in a series of parallel lines, the concre- 
tionary action seems to have commenced by forming parallel rows 
of stalactites along these lines. This process, in certain places, has 
gone on until by lateral union of the adjoining pendants of each 
row, they have been transformed into parallel sheets of stone, which, 
in some instances, extend from the roof to the floor. From their - 
great extent, and a degree of thinness which in part renders them 
translucent, these sheets are capable of being thrown into sono- 
rous vibration by a blow from the heel near the ground, and under 
these circumstances they emit a musical sound of great depth and 
force. 


G. 


SECONDARY FORMATIONS IN VIRGINIA AND NORTH 
CAROLINA. 


From Procerpines or THE Boston Soorety or Naturiu History, Vol 5, p. 14, 1854. 


Prof. W. B. Rogers exhibited a series of fossils from the middle 
secondary belts of North Carolina, Virginia, Pennsylvania, and Mas- 
sachusetts, chiefly, he said, with a view of calling attention to the 
evidence afforded by some of them, of the close relation in geologi- 
cal age between what has been called the New Red Sandstone of the 
Middle States and the Connecticut Valley, first designated by Prof. 
H. D. Rogers as the Middle Secondary Group, and the coal bearing 
rocks of Eastern Virginia and North Carolina. 

Prof. R. referred to the existence in Virginia of three distinct 
belts of these rocks. The most eastern of these, extending almost 
continuously from the Appomattox river to the Potomac, includes 
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the coal-fields of Chesterfield and Henrico Counties. The middle 
tract, about twenty-five miles west by south of the preceding, is of 
much less extent, and has not yet furnished any workable coal seam. 
Somewhat intermediate in trend to these is a belt of analogous rocks 
in North Carolina, commencing some distance south of the Virginia 
line and stretching southwestwardly across the state, and for a few 
miles beyond its limits, into South Carolina. This area, first mapped 
by Prof: Mitchell, includes the coal bearing rocks of Deep river. 
The western belt extends, with two considerable interruptions, en- 
tirely across Virginia, being prolonged towards the southwest in the 
course of the Dan river in North Carolina, and towards the north- 
west through Maryland, Pennsylvania, and New Jersey, forming 
what is usually called the New Red Sandstone Belt. 


EASTERN AND Mippie Beir oF VirGInIA AND EASTERN BELT OF 
Norru CARo.ina. 


From an examination some twelve years ago of the fossil plants 
of the most eastern of the Virginia belts here designated, Prof. 
Rogers had been led to refer this group of rocks to the Odlite 
series on or near the horizon of the carbonaceous deposits of Whit- 
by and Searborough in Yorkshire. Some years later he discovered 
many of the same plants in the middle belt of Virginia, and in the 
summer of 1850, he found several of these plants in the coal rocks 
of Deep river, in. North Carolina. In each of the latter districts 
we meet with Equisetum columnare, Zamites, and a plumose plant 
referred to Lycopodites, and strongly resembling L. Williamsonis 
of the Yorkshire rocks. These are among the usual forms occur- 
ring in the easternmost of the Virginia belts. 

Besides the fossil plants common to these three areas, they con- 
tain two species of Posidonomya and two of Oypris. Of the Cypri- 
dx, one species has a smooth, the other a beautifully granulated 
carapace. They are both very small, seldom exceeding 4 an inch 
in Jength and ~, in width. Both species of Posidonomya differ in 
proportion from the P. minuta of the European Trias, but one of 
them strongly resembles the P. Bronnii of the Lias, although of 
larger dimensions. 

Prof. Rogers remarked upon the uncertainty which exists as to 
the true nature of the sinall shell-like fossils, which being assumed 
as molluses, have been referred to Bronn’s genus Posidonomya. 
But, whatever may be their zodlogical affinities, the fossils now 
under consideration have great interest, as affording further means 
not only of comparing together the mesozoic belts of North Caro- 
lina and Virginia, above referred to, but of approximating more 
justly than heretofore to the age of the so-called New Red Sand- 
stone, or Triassic rocks which form the prolonged belt lying further 
towards the west. 

In the report of Prof. Emmons, published in the autumn of 1852, 
mention is made of the remains of Saurians in the Deep river de- 
posits, as well as of the Posidonia and Cypris, and of an Equise- 
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tites, a Lycopodites and other allied forms, together with a naked, 
rather spinous vegetable, regarded by him as a cellular cryptoga- 
mous plant. 

In view of the general identity of the fossils thus far found in 
the Deep river and the Middle Virginia belts, with those of the most 
eastern deposit in Virginia, viz., that including the coal of Chester- 
field, Prof. Rogers maintained that the general equivalency of 
these three areas may be regarded as established, and therefore the 
Deep river belt of North Carolina as well as the Middle Virginia 
belt ought to be placed in the Jurassic series, not far probably above 
its base. 


Western Bert or Norra CARoLina AND VIRGINIA AND ITS EX- 
TENSION TOWARDS THE NoRTHEAST FORMING THE SO-CALLED NEW 
RED SANDSTONE OF VIRGINIA, PENNSYLVANIA, AND NEw JERSEY, 
AND PROBABLY OF THE VALLEY OF THE CONNECTICUT. 


In North Carolina, on the Dan River, where the rocks include 
one or more thin seams of coal, the same Cypridé& or Posidoniz 
are found in great numbers in some of the fine-grained shales 
and black fossil slates. The latter were noticed as early as 1839, 
by Dr. G. W. Boyd, while on the Virginia Geological Survey. Re- 
garding this fossil, of which specimens were also obtained about 
the same time from the middle belt in Virginia, as identical with 
the Posidonia of the Keuper, Prof. Rogers had, many years ago, 
announced the probability that a part or all of the great western 
belt was of the age of the Trias, instead of being lower in the Me- 
sozoic series. 

Specimens of the Posidoniw and Cyprida, from both belts in 
North Carolina, and from the eastern and middle belts in Virginia, 
were exhibited by Prof. Rogers at the Albany meeting of the Ameri- 
can Association of Science in 1851, for the purpose of showing the 
close relationship between these deposits in geological time. Among 
the specimens from the Dan river, Prof. Rogers on the present oc- 
casion referred to the impression of a Zamite leaf and a joint of 
Equisetum columnare. Prof. Emmons, in the report above re- 
ferred to, speaking of the marly slate of this system, says ‘it dif- 
fers in no respect from that. of Deep river, bearing the same fossils, 
Posidonia and Cypris, in great abundance.” 

In the belt in Virginia, towards the Potomac river, Prof. Rog- 
ers had lately found immense numbers of the same Posidoniz and 
Cypridw, crowded together in fine argillaceous shales, and at sev- 
eral points he had met, in the more sandy rocks, vegetable impres- 
sions, which, although obscure, are strongly suggestive of the leaves 
of Zamites. 

In the same belt in Pennsylvania, in the vicinity of Phenixville, 
early last spring, Prof. H. D. Rogers discovered Posidonie in great 
numbers in a fissile black slate, and on subsequent examination, the 
same beds were found to contain layers crowded with the casts of 
Cypridw. Along with these are multitudes of Coprolites, appar- 
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ently Saurian, resembling in size and form the Coprolites found in 
the carbonaceous beds on Deep river, and also some imperfect im- 
pressions of Zamite leaves. These facts Prof. Rogers considers suf- 
ficient to identify, as one formation, the disconnected tracts of this 
belt in North Carolina and Virginia, and the great prolonged area 
of the so-called New Red Sandstone of Maryland, Pennsylvania, and 
New Jersey. 

As to the geological date of this belt, Prof. Rogers said, that the 
discovery at various and remote points of its course of Posidonia, 
Cypride, and Zamites, most or all of which are identical with these 
forms in the eastern middle secondary areas of Virginia and North 
Carolina, makes it extremely probable that these rocks, formerly 
referred to the New Red Sandstone, and of late more specially to 
the Trias, are of Jurassic date, and but little anterior to that of the 
Coal Rocks of Eastern Virginia. 

Prof. Rogers considered the frequent occurrence of Cypride in 
all these belts as a strong evidence of their Jurassic age. While 
only a few species of Cypride, and many of the allied genus Cythe- 
rina occur in the Silurian and Carboniferous rocks, there is a total 
absence of these crustacean remains throughout the series of depos- 
its extending from the base of the Permian to the lower limits of 
the Odlite. But, on entering the latter, the Cyprid reappear, and 
become very abundant there, there being no less than twelve spe- 
cies known to belong to the Odlite formations of Europe. 

On comparing the silicified wood, found in the western and east- 
ern belts, Prof. Rogers had found its structure to be the same, and 
to agree very nearly with the fossils figured by Witham under the 
name of Peuce Huttonia. As this particular structure does not 
appear to have been met with below the Lias, and occurs in that 
formation, it furnishes another argument in favor of the Jurassic 
age of all these rocks. 

Prof. Rogers added that he had not found in the New Red Sand- 
stone of the Connecticut Valley either the Posidonia or Cypris, al- 
though he had met with obscure markings which he was inclined to 
refer to the latter. He had however satisfied himself that one of 
the plants, from the vicinity of Greenfield in Massachusetts, was 
identical with the form in the Virginia coal rocks referred to Lyco- 
podites, and probably Z. Williamsonis ;-and that among the other 
very imperfect impressions associated with this was one which he 
regarded as the leaf of a Zamites. 

On the whole, therefore, Prof. Rogers conelnded that the addi- 
tional fossils from the coal-bearing rocks of Virginia and North 
Carolina served to confirm the conclusion of their being of Jurassic 
date, and that the fossils thus far found in the more western belt, 
and its extension through Pennsylvania and New Jersey, rendered 
it proper to remove it from the Trias and place it also in the Juras- 
sic period, a little lower probably than the eastern belt of North 
Carolina and Virginia; and there could be little doubt, he thought, 
that the same conclusion would apply to the New Red Sandstone of 
the Connecticut Valley. 
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ELS 


The following extract from a letter addressed by Prof. Rogers 
to Dr. T. Sterry Hunt, June 8th, 1877, is taken from a volume of 
the Second Geological Survey of Pennsylvania, 1878. Report E, on 
Azoic Rocks, by T. Sterry Hunt, pages 198 and 199. 

‘““The sections which I had the pleasure of showing you lately, 
illustrating the position of the lower Cambrian beds (our Primal 
conglomerate, etc.) in their contact with the crystalline and meta- 
morphic rocks of the Blue Ridge in Virginia, form part of a series 
embracing the results of some forty transverse explorations, made 
during and since the Virginia geological survey, at nearly equal 
distances across the chain, from Harper’s Ferry to the North Caro- 
lina line. In many of these sections the unconformity of the Cam- 
brian upon and against the crystalline and metamorphic rocks is 
unmistakable and conspicuous; the lower members of the Primal 
being seen to rest on the slope of the Ridge, with northwest undu- 
lating dips on the edges of the southeastward-dipping older rocks. 
In other cases the primal beds, thrown into southeast dips in the 
hills which flank the Blue Ridge, are made to underlic, with more or 
less approximation to conformity, the older rocks forming the cen- 
tral mass of the mountain. But even in those instances it is, I 
think, not difficult to discern the true relations of the strata. As 
interesting examples of the phenomena referred to, I would men- 
tion the sections exposed at Vestal’s, Gregory’s, Snickers and Ma- 
nassas gaps, and Jeremie’s Run, in the northern part of the Blue 
Ridge; and at Dry Run, Turks, Tye River, White’s, James River, 
Point Lookout, Fox Creek and White-top Mountain gaps, in the 
middle and southwestern prolongation of the chain.” 

This letter is of interest as referring to sections, illustrating un- 
conformity of certain strata, which accompany Prof. Rogers’ geo- 
logical map of the Virginias, edited by Mr. Jed. Hotchkiss, and pub- 
lished at the same time with this edition of the Virginia reports. 


M. 


In the Article on “ Analyses of Waters of the Principal Mineral 
Springs of Virginia ”— 

Page 552, Sweet Springs, Monroe Co., are now called ‘Sweet 
Chalybeate.” 

Page 556, Warm Springs, Bath Oo., are now ‘* Warm Sulphur.” 

Page 557, Alum Spring, now ‘ Rockbridge Alum.” 

In the Article on ‘ Connection of Thermal Springs in Virginia 
with Anticlinal Axes and Faults ”— | 

Page 581, Sweet Alum Springs are now called ‘“ Healing 
Springs,” and Bath Springs are now “ Berkeley Springs.” 

Page 584, Strickler’s Spring, now ‘Rockbridge Baths,” and 
Buford’s Gap Springs, now “ Blue Ridge Springs.” 
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INDEX. 


Part I. 
GENERAL INDEX. 


Academy of Natural Sciences, Phila- 
delphia, 7, 670. 

Acidulous springs, 549, 588. 

Actinocyclus bioctonarius, 734. 

Actinolite, 291, 469. 

Actinoptychus biternarius, 734. 

Agate, 478. 

Age of deposit overlying Miocene 
“marl, 665. 

Albite, 284. 

Alkaline springs, 549. 

Altered rocks in middle secondary, 
330. 

Altered rocks of For. I, 461. 

Altitude of mountain peaks, 416. 

Alumina in iron ores, 238-242, 309, 
401-405, 527-532. 

Alumina in magnesian and hydraulic 
limestones, 231- 237, 390-401. 

Alumina in rocks and clay, 70, 283, 
287. 

Alumina in springs, see Analyses of 
springs 

Alumina, sulphate, 50, 101, 127, 180, 
426, 434. 

Alumina, sulphide, in springs, 549. 

Alum earth, 758. 
“ rock, of Jackson’s river, 101. 
“ springs, see Springs. 

Amber associated with green sand 
of New Jersey, 6. 

American Journal of Science, 658. 

American Philosophical Soc., 606. 

Ammonites, 6, 68, 172. 

Amygdaloid of Thornton’s gap, 462. 

‘1 varieties of, 462. 


Analyses, see Coal, Iron, Limestone, 


Marl, etc. 


Analyses of springs, see Springs. 
“specimens for cabinet 
proposed, 122. 

Analysis not always sufficient to de- 
termine the value of hydraulic 
limestone, 94. 

Animal deposit in springs, 589. 

Animal remains in coal rocks of 
Eastern Va., 647, 658. 

Anticlinal axes of Great North and 
Little North mts., 591. 

Anticlinal mountain defined, 608. 

€ of Peter’s mt., 725. 
= valley, including thermal 
springs, 724. 

Anthracite coal, see Coal. 

Antimony, 112. 

Apocrenic acid, 549. 

Appalachian chain, identity of the 
undulations with earthquake waves, 
632. 

Appalachian chain, origin of the sup- 
posed subterranean undulations, 
and manner in which the strata 
became bent and dislocated, 627. 

Appalachian chain, predominance of 
southeastern dips, 605. 

Apparatus for analyzing marl and 
carbonates in general, 9-11. 

Appendix to report for 1837, 186. 

Appropriation, continuation of, 544, 
545. 

Arca, 35, ‘734. 

centenaria, 33, 36, 434. 

idonea, 484. 

incile, '33, 434. 

protracta, 662. 

stillicidium, 434. 


“ 


“ 
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Arch, see Strata. 

Archean, 717. 

: rocks of Virginia, note on, 
722. 

Area of Appalachian zone, 197. 

Arsenic, 112. 

Artemis, 35, 734. 

me acetabulum, 38, 434. 

Artesian well at Fortress Monroe, 
character of the materials at dif- 
ferent depths, 734. 

Artesian well, depth attained, 733. 

Asbestos, 72, "85, 90, 460, 469, 

¥ in epidotie rocks, 461. 
“*  ligniform, etc., 464. 

Ashmolean Society, 578. 

Assistants, arguments for continuing 
the employment of, 544. 

Association of American Geologists 
and Naturalists, 569, 577, 601, 607, 
644, 

Astarte, 387. 

3 undulata, 434. 
4 vicina, 434, 

Astrea, large specimen described, 
(note), 667. 

Augite, 71. 

Auriferous rocks, see Rocks. 

Auroral, 717. 

Auroral rocks, rarity of fossils in, 
722. 

Auroral rocks, use of the designation 
in the Table of Formations, 722. 
Axes, anticlinal, explanation of, 203. 

tangential or hori- 
ees force an inadequate cause 
of, 625. 

Axes, anticlinal, theory in regard to 
elevation of, by M. Elie de Beau- 
mont, 622. 

Axes in For. IX, 360. 

“ “ For. IX and X, 226. 

of Appalachian chain, 624, 

“ * analogous 
hone in other countries, 637. 

Axes of Appalachian chain, curving 
form of, 621, 630, 631. 

Axes of Appalachian chain, date of, 
635. 

Axes of Appalachian chain, distribu- 
tion into groups, 617. 

Axes of Appalachian chain, great 
length of, 620. 


Axes of Appalachian chain, increas- 
ing interval between, as we ad- 
vance northwestward, 624. 

Axes of Appalachian chain, parallel- 
ism of, 618, 619, 620, 630. 

Axes of Appalachian chain, theory of 
the formation of, 627, 628-630. 
Axes of front ridge of Alleghany, 

349, 

Axes of Massanutten mts., 220, 

“ “ the Blue Ridge region, 219, 
226, 349. 

Axes of the Valley region, 210, 218, 
331, 

Axes of Wales, Sir R. Murchison on, 
640. 

Axes, synclinal, explanation of, 203. 

Axis, anticlinal, Warm spring, "19. 

at Draper’ 8 mt., 223. 
“< “ White Sulphur springs, 588. 
‘“  Briery, 359, 360. 

“ the lowest formation seen in 
For. IX, 360. 

Axis, Kingwood, 362. 

Negro mt., 361. 
+E Backbone mt., 850, 359. 
“«  “ Knobly mt., 348, 
“© Laurel hill, 369, 486. 
“«  “ Little North mt., 226. 
“«  “ Malvern hills, Eng., 638. 

“ Purgatory mt., 222. 

“ Sweet Springs valley, 615. 

“«  “ Walker’s mt., 141. 

“ Warm Springs mt., 174. 

¢  * Will’s Creek mt., 347. 

“plane defined, 609. 

Preston, boundaries of, 368. 

synclinal, of Fort Lewis mt., 
228, 725 (note). 

Axis, synclinal, of Fort mt., 723. 

‘ “ Third Hill mts. 3 
226. 

Azotized organic matter in springs, 

see Analyses of springs. 


Balanide, 734. 
Barometer, use of, 193. 
Barometrical observations of the 
heights of mts. proposed, 120. 
Baryta, carbonate, 97. 
‘“« sulphate, 81, 88, 97, 287, 
305. 
Basins, see Coal, ete. 
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Belemnites, 6, 7. 

Big coal seam of Monongahela val- 
ley, dimensions of, 703. 

Bird’s-eye maple slate, see Slate. 

Bittern, absence of, in Brine springs 
of Holston valley, 142. 

Bitumen in coal of Botetourt co., 
100. 

Bituminous coal, see Coal. 

Black flint of Kanawha valley, 378, 
382. 


Board of Public Works, 22, 124, 148, » 


190, 412, 538. 

Boiling-point thermometer used in 
measuring heights of mts., 346. 

Bog ore, see Iron. 

Bolanus, 389. 

mats Society of Natural History, 

09. 

Boundaries of ancient sea, H. D. 
Rogers on, 166. 

Boundaries of ancient coast-line, 254, 
255. 

Boulders of cobble-stone deposit, 710. 

Boulders, sandstone, 420. 

Breccia, 472. 

Brine springs, 142, 549. 

Bromides in springs, sce Analyses of 
springs. 

Buccinum lequeatum, 434. 

Buhr rock, 38, 178. 

Building material, 132, 173, 479, 491, 
497, 506. 

Building material, Essex co., 31. 

c 43 granitic gneiss, 

289. 

Building material, limestone, 468, 
469. 

Building material, sandstone, 183, 
206. 

Building slate of For. X, 183. 


Cadent, 717. 
Calamites, 183, 651. 
" arenaceus, 646, 649, 650. 
4 planicostatus, 650. 
_ Suckowii, 650, 
“ Caleareous manures,” 41. 
Caleareous manures, Mr. Ruffin on, 19. 
Caleiferous division, 717, 722. 
Cambrian, 717. 
~ Sir R. Murchison on, 637, 
640. 





Candona, 720. 
Carapace, 766. 
Carbonaceous strata near Richmond, 
Mr. Maclure on, 645. 
Carbonate of ammonia in marl, 279. 
% of copper, 464. 
of lime, crystals of, resem- 
bling Dog-tooth spar, 34. 
Carbonate of lime in marls, sec Marls. 
cl, © “in: rockss.endthe 
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Potomae, 429. 

Carbonate of lime in Valley lime- 
stones, 95. 

Carbonates, apparatus for analyzing, 
10 


Carbonates in springs, sce Analyses 
of springs. 

Carbonic acid in springs, see Analyses 
of springs. 

Carboniferous group, 717. 

Carburetted hydrogen in springs, see 
Analyses of springs. 

Carditas, 436. 

Cardita planicosta, 18, 666. 

Cardium, 38. 

leequeatum, 671. 

magnum, 671. 

quadrans, 671. 

Caryophyllez, 102. 

Cascade of Falling Spring creck, 725. 

Catopterus macrurus, 658. 

Catskill Division, 717. 

Caves in Valley limestone, 97, 764. 

Cement used for James river canal, 
138. 

Cenozoic, 717. 

Chalcedony, 209, 462, 478. 

Chalk, 439. 
“absence of, in Virginia and 
New Jersey, 6, 17. 

Chalk, occurrence of, in Europe, 17, 
439. 

Chalky marl, 271, 426. 

Chalybeate springs, see Analyses of 
springs. 

Chama, 35, 36, 42, 47, 152, 154, 155, 
385, 387. 

Chama congregata, 33, 369, 434. 
“ _- ecorticosa, 434. 

Chama in Tertiary marl of James 
river, 280. 

Chama, presence of, a guide to valu- 
able marls, 18, 14. 


a 
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Character of the flexures in the divi- 
sions of the Appalachian chain, 
609. 

Charcoal, 445. 

Chazy Division, 717. 

Chemung Division, 717. 

Chert, 198, 199, 201, 204, 218. 
“of For. VIF 478: 

Chlorides in springs, see Analyses of 
springs. 

Chloride of calcium, see Analyses of 
springs. 

Chloride of iron, see Iron. 

“* - of magnesia, see Magnesia. 

Chlorite, 78, 83, 205, 285, 293, 296, 
456, 459, 462, 466, 481. 

Chlorite described, 285. 

me veins of, 293. 

Chloritic sand of Eocene formation, 
667. 

Chloritic slate of Carter’s mt., 465. 

Chrome iron ore, 463, 464. 

Chthonisothermal line, 594. 

“ Classification and distribution of 
the older rocks of Germany,” Mur- 
chison and Sedgwick, 640. 

Classification, Prof. Sedgwick’s, used, 
720. 

Clay, 38, 55. 

- acid, 426, 436. 

: analysis of, 70. 

4 argillaceous, of Eocene forma- 
tion, 666. 

Clay associated with infusorial earth, 
452. 

Clay, calcareous, 260, 429. 

“ containing casts of shells, 446. 
“* containing copperas and sul- 
phur, effect of, on vegetation, 45. 

Clay containing fossils, 38, 436. 
“  ferruginous, 126, 260, 426, 428, 
436, 448. 

Clay for bricks, 49, 880. 

gypseous, 436, 437. 

“ in marls, 50, 51, 126, 268, 426, 
. ochreous, b4, 452, 
«pipe, 260, 277, 283. 
«porcelain, 284, 315. 
‘* rounded masses of, at 
borne’s ferry, 448. 

Clay, siliceous, 283. 
“sulphate of iron in, 50, 

“ sulphurous, 50, 426, 435, 446. 
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Cliffs at Stratford and Chantilly, 420, 
428, 
Cliff's at Woodstock, 422. 
at Yorktown, 37. 

“¢ fossil shells in, 428. 

“ height of, on Potomac, 428. 

‘¢ of Eocene formation, 666. 

“of New river, 342. 

“of Rappahannock, 430. 

‘¢ on the Cheat river, 684. 
Clinton group (For V), 613, 618, 717. 
Coal, Abraham’s creek, 354, 356. 

“ adapted to the manufacture of 

iron, 135. 

Coal, Alleghany and North mt. re- 
gion, 99. 

Coal, analyses of, 100, 131, 136, 324, 
405-410, 526, 527, 5338-535. 

Coal, anthracite, 87, 98, 94, 98-100, 
160, 164,286, 324, 722. 

Coal, non-bituminous, near Leakes- 
ville, N. C., 324. 

Coal, area of, in Chesterfield, Pow- 
hatan, Henrico, and Goochland, 
483. 

Coal, area of lower coal measures 
south of the Great Kanawha, 541. 

Coal, Springfield and Deep run basin, 
483. 

Coal, Augusta co., 100. 

‘“« basin of Beaver meadow, 618. 

oi “Eastern or Potomac, 351- 

356. 

Coal basin, explanation of, 347. 

of Kingwood, 362. 

middle, 356-358. 

of Mt. Carmel, 359. 

Preston, 368. 

Western, 358, 359. 

‘“‘ basins between Front ridge of 

Alleghany and Backbone mt., 

347. 

Coal basins of Preston and Monon- 
galia cos., 359-362, 368, 408, 409. 

Coal basins, Will’s er. mt., 348, 

Coal, beds of semi-bituminous, in 
neighborhood of iron ore, 96. 

Coal, Berkeley, analysis of, by H. D. 
Rogers, 100. 

Coal between Big Sewell and Kana- 
wha, 406. 

Coal, Big Sandy, 368, 369. 

“Big Sewell mt., 405. 
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Coal, big vein at Pridevale, quality 
of and measurements in, 703, 
704. 

Coal, bituminous, 27, 28, 113, 11%, 
130, 185, 315-327, 835, 880-382, 
437-445, 514. 

Coal, bituminous, of Botetourt co., 
100. 

Coal, bituminous, of For. XI, not 
likely to be valuable, 185. 

Coal, bituminous, geological  rela- 
tions of, 113. 

Coal, bituminous, of Wheeling, 117. 
“© Black Heath mine, 63-65. 

“  Boyer’s mine, 498. 

Brantzburg, 353. 

Brushy mt., Strouble’s run, etc., 
229. 

Coal, Campbell’s creek, Kanawha, 
379, 381. 

Coal, cannel, 356, 490, 510. 
“Catawba creek, 228. 

“ Cheat mt., thickness of, 117. 

“ Cheat river, 364, 365, 366. 

“ Chesterfield, Powhatan, Gooch- 
land, and Henrico basins, 533. 

Coal, Chesterfield, thickness of seams 
of, 63, 69.» 

Coal, Clarksburg, 410. 
“Cumberland co., 69. 

Deep run, 65, 446, 535. 

“ Deep run and Springfield pits, 
446. 

Coal, Difficult creek, 359. 

“ diminished thickness of seam 
below mouth of Kanawha, 518. 
Coal, directions to be followed in ex- 

ploring for, 341, 345. 

Coal, Eastern or Potomac basin, 349, 
352. 

Coal, Eastern or Potomac basin, 
thickness of scams, 3538, 354. 

Coal, Elk-Garden tract, 355. 

Coal-field near Richmond, R. C. Tay- 
lor on, 645, 647. 

Coal-fields of Chesterfield and Pow- 
hatan, boundaries of, 480, 482. 
Coal from near the Appomattox 

river, 534. 

Coal, geology of bituminous field of 
the primary region, 62. 

Coal, geological position of, at Big 
Sewell mt., 342. 
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Coal, great importance of main seam 
‘on Ohio, 517. 

Coal, great upper seam, discovery of 
the extension of, 541. 

Coal, Great Kanawha, in vicinity of 
salines, 117. 

Coal, Great Western field, 113-117, 
405, 406. 

Coal,-Great Western 
of, 115. 

Coal, Great Western ficld, lower 
croup, 484, 487. 

Coal, Great Western field, order of 
succession of rocks of, 115. 

Coal, Great Western field, sketch of 
operations in, 484-486. 

Coal, Great Western field, structure 
and rocks of, 3380-347. 

Coal, Great Western field, thickness 
in upper group, 504. 

Coal, Great Western field, undis- 
turbed condition of the strata of, 


field, boundaries 


114, 

Coal, Great Western field, upper 
group, 485. 

Coal, great width of Western basin, 
350. 

Coal, grouping of seams in Great 
Western coal region, 484. 

Coal, Henrico and Goochland, com- 
bustible value of, 131. 

Coal, highest workable seam in Mon- 
ongalia section, 502. 

Coal, Hughes’s creek, 377. 
“importance of preserving speci- 
mens in boring, 51. 

Coal, impure bituminous, 445. 

“ in Massanutten range, if any, 
anthracite, 93. 

Coal in shaly strata of For, X, 183. 
“ from the Hampshire and Hardy 
basins, 407, 408. 

Coal, Kanawha valley, 874-883, 406, 
407. 

Coal, Kanawha valley, position and 
character of seams, 373, 374. 

Coal, Keller’s or Kelley’s creek, 378. 
“Kingwood basin, boundaries of, 
863, 364. 

Coal, Kingwood basin, middle seam, 
364. 

Coal, Kingwood basin, upper seams, 
865. 
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Coal, Lewisburg, 1386. 
“Little North mt., 99. 
“ lower group, Western field, 
485, 489, 490, 493. 

Coal, lower group on Ohio river, 506- 
510. 

Coal, lower shale and sandstone 
gr oup, 485. 

Coal, lowest seam of Potomac basin, 
352, 

Coal measures of Eastern Virginia, 
referred to Odlite series in England, 

. 646. 

Coal measures of England, remarks 
on, by Rev. Mr. Conybeare, 750. 
Coal measures of the Pridevale re- 

gion, 684. 

Coal measures related to Lias pe- 
riod, 542. 

Coal measures, rocks inferior to, in 
Meadcw mt., 372. 

Coal, Middle basin, 356, 8577. 

‘¢ Midlothian, 64, 69, 571-573. 
‘¢ mines in which results in re- 
card to temperature have been ob- 
tained, 569. 
‘* Montgomery co., 136. 
“ Montgomery and Wythe, proba- 
bly referable to lowest coal series, 
160. 
Coal, Morgantown, 498. 
Mr. Harvey’ 8 estate, 353. 
“« Mr. Vandover’s, 854, 
‘“« Narrow Back, 228, 
“« near Charleston, 382. 
“« “Wellsville on theOhio, 508. 

Coal, north side of James river, 534, 
535. 

Coal, no true seam of, lower in the 
series of formations than X, 230. 

Coal not to be expected in Massanut- 
ten ranges, 159. 

Coal of Chesterfield, etc., of more re- 
cent date than that of Great West- 
ern coal measures, 446. 

Coal of For. X, 226, 228, 229, 335, 


336, 368, 

Coal of For. XI, 366-369, 405-410. 
o « “« XI, near Lewisburg, 
185. 


Coal of For, XII, 840, 342, 487. 
eof toM XII, 343, 345, 488-490, 
526, 527. 





Coal of For, XIV, 493, 497. 
come XV, 498-504. 

Coal of Middle secondary, 322, 479. 
“« “ Primary region, 62-69. 

“« “ Monongahela valley, position 
of eastern margin of, 370. 

Coal of Monongalia valley, thickness 
of, in upper group, 504. 

Coal of Secondary, 28. 

ae mode of mining, 
67, 

Coal of Westphalia, Europe, 640. 
“on Qhio river, 498, 517, 518, 
519. 

Coal, Odlite, of Eastern Virginia, 
646. 

Coal, Odlite, of Europe, 646. 

‘“* possible depth of, near Mid- 
lothian mine, 69. 

Coal of Pridevale Co., extent of, 702. 

Coal, Preston basin, 368. 

Coal, Prince Edward co., 69. 

‘* pseudo-anthracite, 27. 
“raw, use of, in other countrics, 
136 


Coal rendered lustrous and striated 
by attrition, 100. 

Coal resembling coke, 32'7. 

Rider’s creek, 316. 
““ Rockingham co., 100. 
““ rocks of Deep river, 766. 

Savage river, 353. 

“ seam, Mr. Wickham’s, 63. 

‘“* seams at Guyandotte, 519. 

“* ‘second and third seams of Poto- 
mac basin, 353. 

Coal, sections across the Monongalia 
valley, 486. 

Coal, semi-bituminous, 100, 111, 136, 
352. 

Coal, semi-bituminous, of region im- 
mediately west of the Valley, 
225. 

Coal, semi-bituminous, of Catawba, 
136, 225, 

Coal, semi-bituminous, in neighbor- 
hood of Iron ore, 96, 108, 164, 
200, 

Coal, Sleepy creek and Third Hill 
mt., 226. 

Coal, Smither’s ereek, 375, 

Coal, south side of James river, 533, 
534, 
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Coal, Stoney river, 356. 
““ Stockton’s seam, 376-378. 
“ thin seam south of Prince Ed- 
ward C. H., 327. 

Coal, upper group or For. XV., 498. 
“ upper series, 410. 
“upper group on Ohio river, 513— 
519 


Coal, upper shale and sandstone 
group, 485. 
Coal, Union mine, 65. 
“ vertical section, 379, 383. 
“ Vineyard hill, 379, 880, 381, 
382. 
Coal, Westernport, 352. 
“  Witcher’s creek, 378. 
Coast-line, ancient, 166, 254, 255. 
Cobble-stone deposit near Richmond, 


49. 

Cobble-stone deposit, difficulty in 
some cases of discriminating be- 
tween it and older formations, 712. 

Cobble-stone deposit, geological posi- 
tion of, 709, 713. 

Cobble-stone deposit not to be con- 
founded with the pebbly beds re- 
ferred to the Upper secondary, 
FLY 

Cobble-stones of the Virginia de- 
posit not striated as in the north- 
ern drift, 711. 

Coke from Chesterficld, peculiar char- 
acter and composition of, 535. 

Coke of the neighborhood of James 
river, character and thickness of, 
677, 678. 

Coke produced by intrusion of igne- 
ous rocks, 327. 

Collections for cabinet, 545. 

Column illustrating strata, 276. 

Condition of shells in the Tertiary 
deposits, 33. 

Conferva found in sulphureous wa- 
ters of Yorkshire, Dr. Lankester 
on (note), 589. 

Conferva in sulphur springs, 589. 

Conglomerate, 380, 477. 

Conglomerate in Middle secondary 
exposed on James river canal, 318. 

Conglomerate in section near Aldie, 
477. 

Conglomerate of Albemarle co., 85. 

* “ Briery axis, 360. 


Conglomerate of coal measures of 
the Cheat river, 688. 
Conglomerate of For. X, 188, 351. 
1 “ For, XII, 340, 348, 
349, 359, 862, 363, 368, 370. 
Conglomerate of For. XII, forming 
the floor of coal measures, 484. 
Conglomerate of For. XIV, 494. 
Conglomerates in Middle secondary, 
325, 471, 472, 479, 480. 
Conglomerates, in Upper secondary, 
439, 442, 443, 
Conglomerates of Blue Ridge, 815, 
320. 
Conglomerates of Kanawha valley, 
374. 
Conglomerate of Kingwood axis, 363. 
Copper, 88, 134, 479. 
“ "caution in regard to, 133, 
134, 
Copper, cupreous rock, 87, 88. 
“ early mining of, 87, 88. 
“ in Middle secondary, not like- 
ly to be of economical value, 480. 
Copper, Taylor’s mine, 87. 
“ "ores, 75, 87, 183, 285, 297. 
s “of Blue Ridge, 134. 
“ carbonate, 133, 134, 463, 
464, 476, 477, 479, 480. 
Copper, phosphate, 480. 
“  sulphuret, 87, 1838, 480. 
Copperas, 45, 50, 127, 180, 279, 310, 
424, 436, 758. 
Copperas, means of detection in clay, 
45, 
Copperas springs, sec Springs. 
Coprolites, 767. 
Corbula, 432. 
" inequale, 429. 
Correspondence in regard to artesian 
well at Fortress Monroe by Gen. 
A. A. Humphreys, 733. 
Correspondence relating to Geol. re- 
ports, 22, 124, 148, 190, 246, 412, 
538, 749. 
Correspondence relating to Tertiary 
of Virginia, 736. 
Coscinodiscus apiculatus, 734, 735. 
¥ concavus, 735. 


disciger, 735. 
4, excavatus, 735. 
¥ gemmifer, 735. 
" gigas, 734. 
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Coscinodiscus heteroporus, 735. 
lineatus, 736. 


“g marginatus, 736, 

me minor, 736. 

* omphalanthus, 736. 
“ perforatus, 736. 

‘3 radiatus, 736. 

* radiolatus, 736. 

ae striatus, 736. 

AA velatus, 736. 


Crag of England, the, Mr. Lyellon, 39. 
Craspedodiscus Coscinodiscus, 736. 
Crassatella, 35, 42, 387. 
. capri-cranium, 436, 672. 
a Marylandica, 434. 
= melina, 434, 672. 
Crenic acid, 549. 
Crepidula, 33, 35, 87, 88, 154, 386. 
2 costata, 37, 434. 
Cretaceous formation disclosed in ar- 
tesian borings at Fortress Monroe, 
733. 
Cucullea, 436. 
Cucullea gigantea, 670. 
“incerta, 670. 
. onochela, 669, 670. 
“ _ transversa, 670, 671. 
Cupreous rock, see Copper. 
Cyanite, 72, 286, 288, 291, 806, 314, 
315. 
Cycadites, 656. 
Cycads, stumps of, discovered at Bal- 
timore by Prof. Tyson, 712. 
Cylindrical markings in rocks of For- 
mations I and IV, 171, 175. 
Cypride, 766, 768. 
Cytherea, 154, 385. 
“  globosa, 669. 
- lenticularis, 669. 
ae ovata, 668. 
rf Poulsonii, 669. 
“  Sayana, 37. 
Cytherina, 768. 


Denuding action of currents at west- 
ern limits of Eocene, 425. 

Denudation in Great Western coal 
region, 331, 

Deposit marl, see Marl. 

Deposits near Paris, observations on, 
by M. Brogniart, 15. 

Deposits near Paris, observations on, 
by M. Cuvier, 15. 


Devonian, 717. 

Diatoms in infusoria of artesian 
borings at» Fort Monroe identical 
with those of the Richmond beds, 
733. 

Diatoms, list of, from artesian well 
at Fortress Monroe, 735. 

Dictyocha crux, 734, 


af istaurodon, 735. 
- Ponticulus, 735. 
ie speculum, 735, 


Diluvial action on Miocene marl, 665. 
“* deposit of James river, 259. 

me 264, 275, 424, seth 431, 

2, 4417, 448, - 

Diluviam of For. I, 451. 

Diluvium of the Northern N eck, 420, 
424, 

Diluvium of the secondary era, 447. 

Dimetian rocks of Wales, 722. 

Divisions of Appalachian chain de- 
scribed, 6038-605. 

Drift from For. I, 449. 


Earthquake i in Scotland, 633. 
of Chili, 635. 
ef of Lisbon, 682. 
“ of Ullah Bund, 635. 
Earthquakes, Calabria, 632. 
Mr. Mitchell on, 632, 
2 the origin of anticlinal 
axes, 634, 635. 
Earthquakes, wave-like motion of the 
earth in, 632, 633. 
Eastern or Potomac coal basin, 352. 
Echelon, 98, 631, 639. 
Echinus of green sand deposit, 6. 
Elevation in Tertiary, 255. 
Encrini, 86, 94; 102, 105, 172, 178, 
180, 883, 511. 
Encrini in marble of senate chamber 
in Washington, 86. . 
Eocene, 666-668. 
Eocene, actual superposition of the 
Miocene on, 51. 
Eocene, casts of fossils in, 666. 
“crystallized gypsum in, 17,55. 
“ definition of term, 16. 
deposit, thickness of, on 
James river, 667. . 
Eocene, description of beds of, 56. 
Eocene, existence of, beneath the 
Highlands, ete., 57. 
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Eocene, existence of, throughout 
whole breadth of state, 57. 

Eocene, extent and commodious po- 
sition of, on the rivers, 57. 

Eocene formation in Eastern Vir- 
ginia announced, 666. 

Eocene formation of Eastern Va., di- 
rection of, across the state, 666. 
Eocene formation of Va., new fossil 

shells of, described, 667-673. 

Eocene formation, shells contained 
in clay of, 666. 

Eocene formation, the several beds 
of, 56. 

Hocene, fossils peculiar to, 18. 

Eocene, gypseous bed forming the 
upper boundary of, 260. 

Eocene, juxtaposition with newer Ter- 
tiary, 667. 

Eocene, limits of, in tracts south of 
James river, 259, 263. 

Eocene, limits of, on the Peninsula, 
421-425. 

Eocene mar! district, 28, 29, 48. 
“marl, see Marl. 

Eocene marls of the Peninsula, 128, 
129. 

Eocene of Alabama, 16, 19. 

“of the Peninsula, 434. 

Eocene of Virginia contains some 
fossils absent from that of Ala- 
bama, 19. 

Eocene of Virginia, geographical po- 
sition of, 17 

Eocene on the Pamunkey near Piping 
Tree, 17, 25, 48, 61, 56, 57, 58, 
69, 129, 150, 268. 

Eocene on the Potomac, 24, 125, 126, 
128, 134, 135, 150, 174, 176, 196, 
204, 209, 435. 

Eocene on the Rappahannock, 17, 30, 
56, 121, 125, 128, 150, 261, 263, 
266, 424, 425. 

Eocene oyster, 54. 

“ strata at Woodstock, 422. 

Eocene strata of James river, 48, 51, 
55-58, 68, 77-82, 88, 121, 126, 
129, 132, 150, 204, 217, 250-252, 
255-259, 261. 

Eocene Tertiary, extent of, in Vir- 
ginia, 17. 

Eocene, thickness of strata on the 
Pamunkey, 53. 
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Eocene, upper boundary of, 260. 
5%: western boundary of, 423. 
of western boundary, irregular 
line of, 425. 

Epidote, 84, 90, 205, 285, 291, 316, 
327, 329, 860, 361, 362, 363. 

Epidote, crystals of, 285, 462. 
‘* in pinkish felspar, 459. 
bs: in slates, 293. 

Epidotic rocks, see Rocks. 

Epidotic rocks of Southwest mt., 461, 
465, 466. 

Epidotic rocks, mineral varieties of, 
462, 

Epidotic rocks, soil of, 463. 

Epsom salts, 127. 

Equisetites, 648. 

n acutus, 649. 
Equisetum arundiniforme, 649. 
i columnare, 646, 648, 649, 

650, 766. 

Erosion, 709. 

Erroneous application of term Alle- 
ghany, 26, 110. 

“Tissai sur les Soulévements Juras- 
siques,” par M. Thurman, 639. 
“Essay on calcareous manures,” 

19. 
Estheria, 720, 725. 
Euodia Barbadensis, 735. 
Eupodiscus Argus, 735. 
Exogyra of green sand deposit, 6, 7. 
Explorations, plans of, for 1841, 540, 
541. 


Falcated oyster, 6. 

“ Farmers’ Register,” 3, 5, 9, 11, 14, 
41, 48, 58. 

Fasciolaria mutabilis, 672. 

ft rhomboidea, 672. 

Fault at Augusta springs and Brock’s 
gap, 228. 

Fault at Crawford’s mt., 225. 
“ at Fort Lewis mt., 623. 
“great extension of line of, into 
Tennessee, 728. 

Fault in the northwest of the Great 
Valley, 722, 726. 

Fault of Draper mt., 727. 

Faults, 64, 66, 210, 221, 228. 
“« definition of, 203. 

at Peters’s and East River 

mts., 688, 624, 725. 


“ce 
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Faults, great extent of, west of Val- 
ley, 160. 

Faults in Appalachian chain, 615, 
616, 617. 

Faults in coals east of Blue Ridge, 42, 
64, 

Faults, lines of, in the Valley, 210. 

‘“‘ of western margin of the Val- 
ley, 616. 

Feldspar, 70, 71, '72, 88, 90, 293, 295, 
310, 318, 325, 329, 456-459, 462, 
478, 

Feldspar described, 284. 

“« veins of, in beds of gneiss, 

457. 
Felspathic clay, 445. 
4 sand, 448. 

Filicites vittarioides, 657. 

Fire brick, 284, 509. 

“ “at Freeman’s landing, on 
Ohio, 509. 

Fire clay, 284, 376, 705. 

“ columnar structure of, 677. 
“« “ of coal measures of the Cheat 
river, 684, 691, 692. 

Fire clay of Pridevale Co., 705. 

“« “stratum of — carbonaceous, 
677. 

Fish scales, 471, 658. 

é “« in bituminous shales, 318. 

Fissurella, 33, 432. 

e catilliformis, 662. 

Flag stones, 460. 

Flexure, explanation of use of term, 
by Mr. Hopkins, 641. 

Flexures broken or passing into 
faults, 615. 

Flexures, examples of, in Appala- 
chian chain, 618. 

Fiexures, character of, in each of the 
divisions of Appalachian chain, 
609. 

Flexures in the Lewistown valley of 
Penn., 618. 

Flexures, inverted, of Appalachian 
chain, 613. 

Flexures, normal, of Appalachian 
chain, 612, 613. 

Flexures of Appalachian chain, ori- 
gin of, 627. 

Flexures of the strata of Appalachian 
chain, and law of their gradation 
from southeast to northwest, 607. 


2 


Flexures, study of, important in in- 
vestigating geological dynamics, 
617. 

Flint, 377, 878, 882, 385. 

“ forming a line of separation 
between lower and upper coal 
series, 845, 346. 

Flint, hematite, 687. : 
‘* or hornstone of Kanawha yal- 
ley, 377. 

Flint rock, associated with coal seams, 
377. . 

Fluor spar, 218. 

Foraminifere, 734. 

Formations bounding the Valley on 
the west, 224. 

Formations exposed at Jackson river, 
723. . 

Formations met with east of the 
Primary, 437-439. 

Formations of. series belonging to 
Appalachian region described by 
numbers, 176-185, 197-208. 

Formations of the Valley, 204, 206. 

2 of Virginia, table of, 717. 

Fossil beds in Surrey co., 42. 
“flora of eastern and middle 
belts of Virginia and western belt 
of North Carolina, close agreement 
in, 720. 

Fossil impressions in bituminous 
shales, 5€9. 

Fossil impressions in For. IV, 175. 

Fossil impressions in shales of Mid- 
dle secondary, 471. 

Fossil impressions in slate and sand- 
stone of Alleghany and North mt. 
region, 102, 105. 

Fossil plants, culmiferous, 875. 
“of Odlite coal rocks of 
Eastern Virginia, 648. 

Fossil remains of Deep river, N. C., 
Prof. Emmons on, 766. 

Fossil shells, impressions of, 446. 

Js ‘“« impressions of, distinct 
in Miocene of the Peninsula, 427. 

Fossil shells in shale of Middle sec- 
ondary formation, 324. 

Fossil shells of Acquia creek, 425. 
“~~ of Rappahannock cliffs, 
430. 

Fossil shells, small proportion of re- 
cent, on the Peninsula, 663, 


« 
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Fossils, arundinaceous, 375. 
“ contained in marl of Nansi- 
mond river, 269. 
Fossils, difference distinguishing Eo- 
cene from Miocene, 61. 
Fossils, disposition of, in Tertiary de- 
posits, 35. 
Fossils from artesian borings at Fort 
Monroe, 735. 
Fossils in clay, 38. 
“¢ in cobble-stone deposit of Vir- 
ginia, 709. 
Fossils in Eocene strata, 17. 
“ in For. XI, 184. 
“ in green sand, resemblance 
of, in different localities, 6. 
Fossils in limestone of For. VI, 178 
“¢ in marl of the Peninsula, 433. 
“¢ in Middle Tertiary of Lower 
Virginia, 12. 
Fossils in shales of Kanawha valley, 
377. 
Fossils in Tertiary, disposition of, 35. 
“microscopic, 438, 

“ of Middle Secondary, resem- 
bling the keuper of Europe, 647. 
Fossils. of Tertiary, nature of the ma- 

terials in which they are embed- 
ded, 16. 
Fossils of the coal measures of East- 
ern Virginia, 648-658. 
Fossils of For. I, 172. 
“ “ King’s mill, 35. 
“ vegetable, in coal measures, 
380, 381. 
Freestone, 132, 338, 424, 443, 445. 
“ on the Rappahannock, 132. 
«“ at the margin of Eocene 
strata, 424. 
Fucoides, 94, 175, 183. 
Fucus, 94. 
Fulgur carica, 434. 
Fuller’s earth, 449. 
Fusus, 38. 
'  — jongeevis, 18, 666. 
“  parilis, 434. 
« — quadricostatus, 434. 
“  tetricus, 33. 


Galena, see Lead. 
Galeocerda lateralis, 734. 
Gallionella sulcata, 734. 
Garnet, 78, 287, 288. 








Garnet slate, sce Slate. 

Gases in mineral springs, 549-564, 
586, 588-591. 

General Assembly of Virginia, acts 
of, 762. 

Genesee division, 717. 

Geodes, 55. 

Geographical description of Appala- 
chian chain, 501. 

Geographical ‘description of Appala- 
chian Valley, 603. 

Geological column explained, 265, 
266. 

Geological description of For. I, 167, 
190. ; 

Geological description of For. H, 169, 
198. 

Geological description of For. II, 
173, 198. 

Geological description of For., 
175, 198. 

Geological description of For. V, 177, 
198. 

Geological description of For. VI, 
178, 199. 

Geological description of For. VII, 
179, 199, 

Geological description of For. VIII, 
179, 199, 

Geological description of For. IX, 
182, 200. 

Geological description of For. X, 183, 
200. 

Geological description of For. XI, 
183, 201. 

Geological description of For. XII, 
185. 

Geological description of For. XII, 
197-202. 

Geological description of For. XIV, 
197 


IV 


Geological divisions, boundaries of, 
25-28. 

Geological divisions of Great Appa- 
lachian Belt, 602-612. 

Gcological divisions of North Ameri- 
ca, Mr. Maclure on, 26. 

Geological epoch of "Middle Second- 
ary, 317. 

Geological map, see Map. 

Geological position of Thermal 
springs, 580, 581, 5838, 584. 

Geological Railway Guide, 733. 
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“ Geological Relations of the South 
of Ireland,” by Thomas Weaver, 
Esq., 639 - 

Geological Society of London, pro- 
ceedings of, 640, 666. 

Geological survey of Maryland, 19. 

Bors Pennie ae: 
$ Paaestt Vir. ginia, recom- 
mended by Prof. W. B. Rogers in 
report of committce, 754. 

Geological survey, proposed plan of, 
120. 

Geological surveys of other countries 
and states, 755. 

Geology, first, second, third, fourth, 
and fifth general divisions of the 
state, 25-28. 

Geology of Blue Ridge, 26, 156. 

S “ Holston valley, 140-143. 

- “ Little North mt., 728. 

ay “* New Jersey, final report 
on, 40, 606. 

Geology of northern district between 
the Blue Ridge and head of tide, 
455. 

Geology of region south of James 
river, 251. 

Geology of region west of Blue Ridge, 
167-185. 

Geology of southern district east of 
the Bluc Ridge, 281, 282. 

Geology of the Pridevale district, 
683. 

Geology of t he Valley, 92, 
208, 224, 292, 297. 

Geology of west flank of Blue Ridge, 
83, 89 

Geology, intricacy of, in region west 
of the Valley, 134. 

Geology of counties cast of Chesa- 
peake bay, 543. 

Geology of Great Western coal re- 
gion, 330-335, 484-486. 

Geology of Great Western coal re- 
gion, strata comprised in the three 
lower groups, 486-504. 

Geology of Great Western coal re- 
gion, For. X, 335-336. 

Geology of Great Western coal re- 
gion, For, XI, 886-339, 

Geology of Great Western coal re- 
gion, For. XII, 340-342, 487. 

Geology of Great Western coal re- 


97, 196, | 





gion, For. XIII, 342-347, 487- 
491, 

Geology of Great Western coal re- 
gion, For, XIV, 491-497. 

Geology of Great Western coal re- 
gion, For. XV, 498-504. 

Geology of Appalachian region, in- 
tricacy of, 194. 

Geology of Appalachian region, rocks 
of the formations from I to XIII 
described, 197-203. 

Geology of Yorkshire, Eng., 649, 655. 

Glacial action, 711. 

Gneiss, 66, 71, 73, 286, 288, 455, 
721; 

Gneiss, arenaceous, 290, 315. 

“« argillaceous, at Greenway, 
803. 

Gneiss at falls of the Rappahannock, 
724, 

Gneiss at Petersburg, alternations in 
dip of, 458. 

Gneiss at Richmond, 71. 

“ = Willis’s mt., 290, 291. 

“«  “ Woods mt., 290. 

“  chloritic, 459. 

‘“«  deseribed, 288. 

“exposures of, on the James, 
Appomattox, and Rappahannock 
rivers, 456. 

Gneiss, feldspathic, 290, 315, 327, 
458, 482. 

Gueiss, granitic, 289, 456. 

‘“« highly ornamental variety of, 
457. 

Gneiss, hornblendic, 290, 327, 458, 
459, 481, 482. 

Gneiss, kyanitic, 290. 

‘“« micaceous, 291, 303, 306, 314. 

“of northern district east of 
Blue Ridge, 455, 458. 

Gneiss of Pittsylvania co., 290. . 

“ © the northern district cast 
of the Blue Ridge, geological posi- 
tion and character of, 455, 456. — 

Gneiss, pseudo, 294, 459, 465. 
“quarries of, 71, 288, 289, 290, 
457. 

Gneiss, quartzose, 291, 314. 

‘* rounded form of hill of, 289. 

“¢  syenitic, 457. 

“variety of, at Danviile, 289. 

Gneissoid sandstone 465. 
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Gneissoid sandstone, decomposition 
of, 295. 

Gneissoid sandstone described, 294. 

ey of Albemarle 
eo. as a building material, 295. 

Gneissoid sandstone, quarries of, 296. 

Gneissoid sandstone used in locks 
of James River canal, 295. 

Gold belt, 719. 

“ caution to be observed in re- 
gard to, 132. 

Gold, locality of, in northern Pri- 
mary district, 459, 

Gold mines, 45, 76. 

“ of Buckingham co., 314. 

' © old workings of, 723. 
“quartz, 74, 77, 80, 309. 
“region, a7, 78, 49, 131. 
“veins, 79. 

Goniatites, 172. 

Goniothecium odontella, 735. 

Granite, 721. 

chloritic, 313. 
“described, 2877. 
“  epidotic, 313, 
“near Petersburg, 71. 
“ stratified, 66. 
«“  talcose, 325, 
" unstratified, 288. 
“ _ veins of, in gneiss, 457. 

Graphical department, 193. 

Gravel and cobble-stone deposits of 
Virginia and the Middle States, 
cause of formation of, 711. 

Gravel deposit, extent of, ‘at Washing- 
ington, 710. 

Gravel deposit near Richmond, 49. 

oof Washington and 
isimond 709. 

Great conglomerate and Conglomer- 
ate coal group, 717. 

Greenbriar limestone, 717. 

4 shales, 7 17. 

Green sand alternating with chalk in 
European localities, 6. 

Green sand, analyses of, 8. 

Green sand as a manure, 5, 
14, 57-59, 119. 

Green sand deposit of Maryland, 19. 

Green sand, discovery of, in Eastern 
Virginia, 3, 11, 758. 

Green sand distinguished from 
greenish clays, 61. 


8, 18, 


Green sand, general aspect of, 7. 

Green sand, general occurrence of, in 
marl beds, 4, 

Green sand, ‘geological period of, 6. 
bs ‘« how recognized, 4. 

Green sand in blue and yellow marl, 
276. 

Green sand in deposit overlying Mio- 
cene shell marl, 665. 

Green sand in Eocene marl, 156, 260, 
264, 267, 666. 

Green sand in Maryland, Prof. Duca- 
tel on, 19. 
Green sand in Miocene marls, 44, 
151-155, 156, 267, 885-389, 432, 
Green sand; its effect on grass and 
clover crops, 8. 

Green sand less abundant in Mio- 
cene than Eocene, 267. 

Green sand, localities of, on James 
river, 4. 

Green sand marl not generally con- 
taining calcareous matter, 7. 

Green sand marls, table showing 
composition of, 60. 

Green sand, M. Berthier on, 8. 

Green sand, note on the fertilizing 
- efficacy of, 119; 

Green sand not found in all Eocene 
marl, 58. 

Green sand, observations on, by Mr. 
Ed. Ruffin, 15. 

Green sand of neighborhood of New- 
castle, 54. 

Green sand of New Jersey, 5, 7, 15, 
59. 

Green sand of New Jersey, Prof. H. 
D. Rogers on, 59, 119. 

Green sand of Williamsburg, 4, 18. 
% “York river, 4: 

on Potomac, 429, 

‘* Rappahannock, 424. 

Green sand, quantity used per acre 
as manure, 8. 

Green sand, resemblance to chlorite, 
286. 

Green sand, Seybert of Phila. on, 8. 

Green sand, value of, on soil of Pine 
Barren, 9. 

Greenstone, see Trap. 

Grindstones, 183. 

Grit, Shawungunk, 613. 

Grits of Chesterfield, etc., 718. 
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Grits of coalfields of Eastern Vir- 
ginia, 645. 
Gryphea, 6, 7. 
of green-sand deposit, 6. 
Gun flint, 439, 
Gunpowder marl, 7. 
Gypseous earth, casts of shells in, 
666. 

Gypsum, 19, 108, 110, 112, 113, 164, 
165, 264, 430, 436, 453, 758. 

Gypsum as a manure, 50, 127-129, 
182. 

Gypsum associated with green sand 
marl, 56-60. 

Gypsum, crystallized, 55, 260, 427, 
455. 

Gypsum in Alleghany and North mt. 
region, 108. 

Gypsum in caves, 108. 

Gypsum in marl, 19, 127, 426, 427. 
- in slates of For. VIII, 182. 
$ in valley of the Holston, 

141, 177, 726. 

Gypsum of For. VIII, 180, 182, 200. 

Gypsum, origin of, in Holston val- 
ley, 141. 

Gypsum, spicule of, in cliffs of Rap- 
pahannock, 430. 


Hamilton division, 717. 

Height of Peak of Otter, 416. 

* “ White Top mt., 416. 

Hleliopelta, 735. 

Heterocercal fish, 647. 

Highest mt. peak, 416. 

History of the early explanations of 
the southeasterly dip in the Great 
Appalachian valley, 605. 

Hornblende, 72, 83, 88, 91, 
292, 329, 456. 

Iornblende described, 285. 

Hornblende in gneiss east of Blue 
Ridge, 458, 

Hornstone, 198, 845, 377, 382. 

Hot-air blast in smelting with raw 
coal, 101. 

Hot-air blast, M. Berthier on, 136. 

House of Delegates of Va., 538, 
749. 

Hudson River division, 717. 

Hydraulic cement, 216. 

§ of For. XI, 339. 
a lime, see Lime. 


285, 288, 


Hydrogen, carburetted, see Analyses 
of springs. 

Hydrogen, sulphuretted, see Analy- 
ses of springs. 

Hydrogen in thermal springs, 549, 
550, 551, 552. 

Hydrographic observations advised, 
121 


Hydrosulphuret, 
springs. 
Hypogene rocks, 585, 630. 


see Analyses of 


Ideal section, Plate III described, 
608, 609. 

Igneous action on coal, 535, 677, 678. 

“on rocks of the Mid- 

dle secondary, 479. 

Igneous action on strata of South- 
west mt., 466. 

Igneous rocks, see Rocks. 

Igneous rocks, absence of, in Appa- 
lachian region, 596. 

Igneous rocks occurring in Middle 
secondary, 328, 476. 

Illustrations of the strata in the 
geological column, 276. 

Infusoria, 439, 450-452, 735. 

Infusoria, Ehrenberg’s researches in, 
439, 

Infusorial earth, 733, 

“described, 439, 450. 

Infusorial earth, microscopic forms 
in, 450. 
Infusorial deposit first discovered in 
older Tertiary of U. §., 489, 450. 
Infusorial stratum near Richmond, 
449. 

Infusorial stratum, geological posi- 
tion of, 451. 

Infusorial stratum, 
452. 

Inverted flexures, examples of, in 
Appalachian chain, 614. 

Inverted flexures of Little North mt., 
623. 

Todides, see Analyses of springs. 

Iron, carbonate, 495, 693, 694, 697. 

Iron, effects of, upon soils, Prof. 
Hitchcock on, 752. 

Iron, hydrated peroxide, 207, 208, 
220, 487, 489, 527, 532. 

Iron ore, 36, 38, BB, 79, 102, 108, 117, 
132, 158, 161, 163, 169, 172, 174, 


thickness of, 
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179, 181, 185, 192, 219, 221, 248, 
332, 339, 348, 844, 346, 358, 724. 

Iron ore, Analyses of, 31, 131, 237- 
243, 627-532. 

Iron ore, argillaceous, 376, 381, 883. 

Iron ore associated with coal of 
Chesterfield, 131. 

ae ore associated with gold veins, 

9. 

Iron ore associated with red and va- 
riegated shales, 159. 

Iron ore, Bath furnace, 242. 

“«  “ bog, 311, 696. 

brown oxide, 692, 694. 

chrome, 463, 464. 

Iron ore, composition of, at Crawford 
mt., 241. 

Iron ore, composition of, at Cotopaxi 
mine, Rockbridge co., 239. 

Iron ore, composition of, from For- 
rer’s furnace, Rockingham co., 238. 

Irom ore, extent of, in Appalachian 
region, 135. 

Tron ore, fossiliferous, 11'7, 200, 367, 
531, 724. 

Iron ore, fossiliferous calcarcous, in 
For. V, 199, 238. 

Iron ore, geological position of, at 
Woodgrove, Cheat, 695. 

Iron ore, hematite, 69, 72, 80, 96, 
102, 131, 209, 529-530, 685, 691, 
694, 723, 724. 

Iron ore, hematite, of Bear Knob, 209. 

Iron ore, honeycomb, 96, 344. 

Iron ore included in black band 
shale, 690. 

Iron ore in neighborhood of semi- 
bituminous coal, 96. 

Iron ore, kidney form, 382, 403, 
404, 

Iron ore, lenticular, 381. 

«“ limestone ore bed, 691. 

Iron ore, magnetic, 69, 80, 87, 310- 
312, 463-469. 

Iron ore, magnetic, near Maysville, 
312. 

- Tron ore, magnetic oxide, 310, 312. 

Iron ore, magnetic oxide, per cent of 
metallic iron in, 310. 

Tron ore, micaceous, 87, 310, 311. 
ee “ "oxide, 310. 
“6 near Luray, 217. 

Iron ore, nodular, 201, 208, 354, 356, 
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865, 871, 880, 482, 493, 507, 530— 
532, 692. 

Iron ore, nodular carbonate, 685. 
«« “numerous beds of, in Ap- 
palachian region, 135. 

Iron ore, ochreous, 309, 311, 312, 
528, 580. 

Iron ore of Alleghany region, value 
of, 161. 

Iron ore of Big Sandy river, 669. 
« «¢ ~“ Buffalo ridge, 87. 
“ = « & Decker’s creek, 371, 372. 
“« « Deep Hollow run, King- 
wood basin, 367. 

Iron ore of Draper’s and Lick mts., 
2238. 

Iron ore of Grayson and Wythe — 
yielding steel by usual process of ” 
smelting, 113. 

Iron ore of Henry Clay and Green- 
ville furnace, Cheat, 371. 

Iron ore of Limestone ore belt, Cheat, 
691. 

Iron ore of Mossy creek, Recking- 
ham co., 218. 

Iron ore of neighborhood of Morgan- 
town, 367. 

Iron ore of Poplar Camp and Iron 
mts., 164. 

Iron ore of south side of Powell’s 
ridge, 242. 

Iron ore of west side of. Knobly mt., 
242, 

Iron ore, pipe, 96, 117, 178, 179, 
181, 185, 192, 219, 221. 

Iron ore, red belt, 685, 700. 

Iron ore, rock or sandstone, 689. 
“6% stalactitic, 529. ; 

use of hot-air-blast in smelt- 
ing with raw coal, 136. 

Tron ore valuable for smelting, 87. 

Iron ores appertaining to For, III, 
174. 

Iron ores associated with rocks of 
For. I, 169, 207, 208, 209. 

Iron ores at the junction of Fors. III 
and IV, 175, 222, 228, 224. 

Iron ores, brown and ochreous of 
Buckingham co., 311. 

Iron ores from the Primary, com- 
position of, 527, 528, 

Iron ores, inferior variety in Fors, 
VUI and IX, 181, 200, 
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Iron ores in rocks of For. II, 173, 198. 
pickin “of For. IV, 198. 
Ureant ae Of “Kor: VIR 179, 
199: 

Iron ores in rocks of For. VIII, 181, 
200, 724. 

Iron ores in rocks of For, XI, 185, 
201, 339. 

Tron ores of For. I, 288, 239, 529, 
530. 

Tron ores of For. II, 217, 218, 240, 
530, 531. 

Tron ores of For. III, 220, 221, 240~ 
242. 

Iron ores of For. V, 177, 221, 242, 
B31, 724. 

Iron ores of For. VII, 237, 242, 248. 
“of For. XI, 401, 402. 

of For, XIII, 343, 344, 487, 
488, 489, 490. 

Tron ores of For. XIV, 491, 4938, 494, 
495, 

Iron ores of Alleghany and North mt. 
region, 102, 108. 

Iron ores of Amherst co., 311. 
“« «Campbell co., 311. 
OM Franklin co.; 312: 

“ Kingwood — basin, 
367, 871. 

Iron ores of Laurel Hill axis, 369, 
8371, 372. 

Iron ores of Laurel Hill, chemical 
character of, 696. 

Tron ores of Little Fort valley, 221, 
241, 

Iron ores of Massanutten mts., 159. 

So biey Lames: Eee the Cheat river, 364. 

“6 “ “ 4 “ce geolog- 
ical position of, 694. 

Iron ores of the Cheat river, heavy 
blue, 689. 

Tron ores of the Cheat river, ponder- 
ous nodular, 697. 

Iron ores of the Cheat river, vegeta- 
ble impressions in, 371. 

Iron ores of the Cheat river, Big coal 
group, 693, 

Iron ores of the Cheat river, Haines 
group, 695. 

Iron ores of the Cheat river, Martin 
group, 685. 

Iron ores of the Cheat river, Norris 
group, 691, 
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Iron ores of the Cheat river, Snake- 

- den group, 693. 

Iron ores of the Cheat river, Strat- 
ford group, 689. 

Iron ores of the Pridevale Co., 684, 
685, 689, 691, 692, 693, 696. 

Iron ores of the Pridevale Co., best 
method of mining, 700. 

Tron ores of the Pridevale Co., gen- 
eral remarks on, 699. 

Iron ores of the Valley, 96, 237-243. 
““ “of western coal measures, 
401, 403, 404, 405, 485, 487, 488, 
491, 494, 501, 581, 532. 

Iron, oxide, in rocks, 80, 284, 285, 
286, 287, 309, 312. 

Iron, oxide, in limestone, 287; 889- 
401, 519-526. 

Iron, protocarbonate, 339, 372, 487- 
491, 

Iron, protoxide, 137, 138. 

‘ protoxide, in green sand, 14. 
“  pyrites, 75, 84, 88, 97, 101, 173, 
180, 290, 292, 304, 309, 381, 393. 
400, 402, 444, 456, 460, 469, 

Iron pyrites in gneiss, 290, 

** ~ in slate, etc., 180, 309. 
me rock, see Trap. 

Iron, silicate, 32, 666. 

Iron stone, condition of fossil im- 
pressions in, 427, 

Iron stone near Stevensburg, 479. 

Tron, sulphate, in marl beds, "44, 260, 
279, 426, 427, 480, 4384, 

Tron, sulphuret, in erystals, 97, 290. 
“works at Buckingham C,H. wis? 
‘ of Shenandoah, 207. 

Isocardia fraterna, 35, 429, 484. 


Jasper of Thornton’s gap, 462. 

Journal of Academy of Natural Sci- 
ences, 636. 

Journal of House of Delegates, 749. 

Journal of Science, 45. 

fs ‘ bry of Travels in South Amer- 

a,” Darwin, 684. 

J biseib age of coal-bearing rocks of 
Va. and N. Carolina, 768. 

Jur asso-cretaceous, 717. 

explanation of 

term, 718. 

Jurasso-cretaccous formation in bor- 
ings at Fort Monroe, 738. 
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Jurasso-cretaceous, resemblance of, 
to Wealden of Europe, 718. 
Jurasso-triassic, Tits 
term used for Mid- 
dle secondary rocks of Virginia, 
718. 


Kaolin, 73, 89, 711. 

s analysis of, 73. 

“forming the cement of sand- 
stone pebbles of Upper secondary, 
eae 

Keuper, 647, 767. 

Keweenian series of northern Michi- 
gan, 722. 

Kidney ore, see Iron. 

Kyanite, see Cyanite. 


Lake at Salt Pond mountain, 109. 
“ oe a height 
of, . 26. 

Lamine of coal in For. X, 183. 

Law of structure of Appalachian 
chain, 605, 609. 

Law of the position of thermal 
springs, 592, 594. 

Leaf-tripoli, 439, 450. 

Lead, 110, 165. 
“mines, 139, 216. 
ee. Of Austinville, 726. 

Lead ore, 2", 75, 88, 139, 140, 164, 
173, 218. 

Lead ore, carbonate, itt 139. 
eer eae tooth, 139. 
eee Tin For, i, 173, 198. 
« « method used in smelting, 
Piss 

Lead ore, sulphuret, in veins of chalky 
limestone, 112. 

Lead ore, sulphuret, or galena, 88, 
111, 189. 7 

Lead ore, sulphuret, containing prob- 
ably antimony and arsenic, 112. + 

Lead ore, wasteful method of. mining, 
140. © 

Lead ores, various colored, 139. 

Lead, phosphate, in crystals 139.° 

Lepidodrendron, 488. 

Levant, 717. 

Levis Division, 717. 

Lias, 542. 

Lignite, 0, 6, 7, 70, 855, 429, 437, 445, 


ae associated with green sand, 

6, 7. 

Lignite in slate of Upper secondary, 
444, 445, 

Lime as manure, 91, 94. 

“¢ carbonate, in clay, 70. 

o oi in Eocene marls, 156. 
= 5 in iron ores of For. 
XT, 401, 402, 404. 

Lime, carbonate, in limestone from 
Louisville, Ky., 237. 

Lime, carbonate, in limestones of the 
Valley, 92,138, 169, 170, 172, 231. 

Lime, carbonate, in mineral springs, 
see Analyses of springs. 

Lime, carbonate, in Miocene marls, 
151, 155. 

Lime, ‘carbonate, i in oyster shells, 42. 

- in rock near Lees- 
burg, 477. 

Lime; carbonate, percentage in rocks 
of the southern district, 390, 391. 
Lime, carbonate, percentage in blue 

marls of the Neck, 127. 

Lime, carbonate, resembling dogtooth 
spar, 34. 

Lime, fibrous carbonate, 429. 

“ hydraulic, 27, 58, 93, 188, 169, 
193, 199, 211, 217, 230, 308, 339, 
363, 365, 367, 396, 397, 492, 508, 
705. 

Lime in soil of Albemarle, Nelson, 
and Amherst cos., 91. 

Lime, phosphate, in oyster shells, 42. 
“« sulphate, 393, 424, 428, 430, 
434, 666. 

Lime, sulphate, crystals in Eocene 
marls, 666. 

Lime, sulphate, in mineral springs, 
see Analyses of springs. 

Limestone, argillaceous, 
362, 721, 

Limestone a source of fertility in 
mountain valleys, 162, 165. 

Limestone associated with grey mica 
slate, 805. 

Limestone at Traveller’s Rest, 301. 

. caves of the Valley, 97, 
764, 

Limestone, cherty, 201, 339. 

o conglomeritic, 318, 338. 


201, 3857, 


Limestone containing grains of bluish 


quartz, Cabell’s quarry, 305. 
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Limestone east of Southwest and 
Green mts., 80. 

Limestone, Eifel, 640. 

u Eocene, 435. 
. ferruginous, 367, 492,493, 
495. 

Limestone, foetid, 360. 

; for building and agricul- 
ture, 477. 

Limestone, fossiliferous, 94, 102, 
103, 105, 108, 178, 198, 361, 363, 
375. 

Limestone from east of trap dyke, 
Rockingham co., 232. 

Limestone from Louisville, Ky., 237. 

Natural Bridge, 216, 
234, 

Limestone near lead mines, Wythe 
co., 234, 

Limestone from near Salt Pond mt., 
109, 

Limestone from the Primary, 519- 
521. 

Limestone, hydraulic, used in the 
Chesapeake and Ohio canal, For. 
VI, 216. 

Limestone, importance of distinguish- 
ing between magnesian and non- 
magnesian, in the manufacture of 
lime, 138, 

Limestone, interrupted ranges of, in 
Fauquier and Loudoun cos., 468. 
Limestone, lower Appalachian, For. 

II, 613. 
Limestone, lower, of the Valley, 616. 
i magnesian, mode of test- 
ing, 214. 

Limestone, magnesian, M. Vicat on, 
230. 

Limestone, marly, 515. 

* micaceous, 302, 466, 721. 
micaceous and talcose, of 
Middle secondary, 319. 

Limestone of Alleghany region, 101, 
102. 

Limestone of Appalachian region, 
230-237, 

Limestone of belt east of the Blue 
Ridge, 298, 308, 466-470. 
Limestone of Cheat river, 397. 

“4 ‘* coal measures, 399, 

524, 526. 

Limestone of For. II forming the 


surface of anticlinal valley in 
neighborhood of thermal springs, 
585. 

Limestone of Kanawha, 876, 524. 

“ “ Kingwood basin, 366, 
367. 

Limestone of Laurel hill axis, 369- 
371. 

Limestone of Little Levels, 337. 

i “ middle coal basin, 358. 
a “* Middle secondary, 320. 
* Potomac coal basin, 
357, 358. 
Limestone of Preston basin, 369. 
es “ Pridevale Co.,character 
and geological position of, 704, 705. 
Limestone of Tertiary, 44. 
¢ “upper coal group in 
valley of Monongalia, 504. 

Limestone of upper coal group of 
Ohio river, 514-516, 

Limestone of Westphalia, Europe, 
640. 

Limestone of Weyer’s cave, 94. 

- Oblitic, 201, 396, 523. 

Limestone, patches of, included in 
strata of slate, &c, 299, 300, 467- 
470. 

Limestone quarries, 70, 137, 138,169, 
178, 199, 211, 213-217, 230, 237, 
301, 305, 307, 389, 401, 468, 469, 
470, 501, 512, 519, 520, 521, 523, 
524, 526. 

Limestone, rotten, 31 1. 

“ sandy, 199, 360, 361, 370. 

- shaly, 199. 

“3 shelly, 31. 

slaty, 500, 301, 302, 303, 
304, 305, 306, 807, 314, 361. 

Limestone suited for agriculture, 
470, 477, 516. 

Limestone, talcose, 132, 319, 466. 

# thickness of, in upper 
. coal group, 504. 

Limestone used as a flux in iron 
works near New Canton, 302. 

Limestone used for cement for locks 
on James river canal, 138. 

Limestone, use of, on slaty soils, 
81, 82. 

Limestones, analyses of, 82, 137, 138, 
169-170, 231-237, 390-401, 'b19- 
526. 
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Limestones and slates, absence of, in | 
cobble-stone deposits of Virginia, 
accounted for, 710. 

Limestones and marbles of James 
river region, 308. 

Limestones associated with primary 
and metamorphic rocks, 460. 

Limestones associated with the mica- 
ecous and talcose rocks of the 
southern district east of the Blue 
Ridge, 389-3892. 

Limestones associated with talcose 
a micaceous slates, 306, 466, 

21, 

Limestones cast of Blue Ridge, 298- 
308. 

Limestones near Staunton, 137. 

“o of Albemarle co., 300. 

- of For. II, 169-171, 204, 
209-217, 231-235, 392-395, 521- 
523, 616. 

Limestone of For. II, from New 
York, 236. 

Limestone, fossiliferous, of For. III, 
198. 

Limestone of For. VI, 178, 236, 395- 
396, 587. 

Limestones of For. VIII, 180, 200. 

_ “ For. VIII, from New 
York, 237. 

Limestones of For. XI, 183-185, 
337, 338, 339, 350, 360, 361, 362, 
$70, 896-399, 523-524, 616. 

Limestones of For. XIII, 348, 489. 

Limestones of For. XIV, 492, 493, 
495, 496, 497. 

Limestones of For. XV, 499, 500, 
501, 502, 504. 

Limestones of Kingwood basin as- 
sociated with peculiar clays and 
shales, 366. 

Limestones of the Valley, 27, 95, 137, 





209-217. 

Limonite of Pridevale ores, 687, 
688. 
aia changes in conditions of, 

00. 
Lower Barren group, 717. 
- Lower Cambrian, 717. 
Lower Carboniferous, (Lower Sub- 
Carboniferous,) 717. 
Lower Coal group or For. XIII, 484, 
487-491, 717. 


Lower Coal group on Ohio river, 
506. 

Lower Ifelderberg Division, 717. 
“  mesozoic, 717. 

Lower shale and sandstone group, or 
For. XIV, 485, 491-497. 

Lower shale and sandstone group on 
Ohio river, 510. 

Lucina, 388. 
“ ~ anodonta, 37. 

speciosa, 662. 

uncifolius, 646, 658. 

Williamsonis, 766, 768. 
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Lycopodites, 
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Mactras, 38. 

Mactra confraga, 434. 
i delumbis, 484. 
“ — modicclla, 268, 270, 277, 885- 
889, 434. 

Mactra tellinoides, 33. 

Madreporite, 381. 

Magnesia, 212, 215, 310. 

Magnesia, carbonate, in clay, 70, 71. 

Magnesia, carbonate, in limestone of 
For. XI, 184. 

Magnesia, carbonate, See Analyses 
of springs, limestones, iron ores, 
ete. 

Magnesia in primary rocks, 285, 286. 

Magnesia, sulphate, see Analyses of 
springs. 

Magnesia, test for, 213, 214. 

Magnesium, chloride, see Analyses of 
springs. 

Manganese, carbonate, see Analyses 
of iron ores. 

Manganese of Little Fort valley, 221. 

Manganese ore, 159, 181. 

. oxide, 169, 174, 528. 

Map, geological, 120, 185, 191. 

“progress of, 545. 

Map, state, incorrect topography of, 
120, 157, 187, 191, 863, 369. 

Marble, 86, 98, 212, 318, 466, 469, 
470. 

Marble associated with irregular dip 
of strata, 93. 

Marble columns in senate chamber 
at Washington, 86. 

Marble, crystalline condition of, in 
Berkshire, Mass., 606. 

Marble, dun coloured, 212. 

Marble east of Southwest and Green 
mts., 80. 
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Marble, encrinal, 86, 719. 
“fine white, 470. 
“ grey, 212, 213, 
“* in Middle secondary, 318. 
Marble, micaceous and talcose, 298, 
308, 466, 470. 
Marble, mottled bluish, 212. 
“of Albemarle co., 467. 
“ of Rapid Anne, 467, 468. 
Marble of Tye river suitable for 
sculpture, 83. 
Marble, Potomac, 133, 318, 472. 
Marble, Potomac, H. D. Rogers on, 
86. 
Marble, red, of Giles and Scott cos., 
2138. 
Marble, shaded, of Rockingham co., 
213. 
Marble, white, of Rockbridge co., 
212. 
Marcellus Division, 717. 
Marine formations in vicinity of 
Paris, 16. 
Marginella, 387. 
Marl, apparatus for analyzing, 9, 11, 
45. 
Marl beds, geological period of, 5. 
Marl, blue, 32, 43, 126, 130, 256-276, 
430. 
Marl, blue, described, 268. 
Marl, blue, probable extent of, east- 
ward, 228, 258. 
Marl, blue, species of shells found i in, 
268, 
Marl, blue, richest in fossils, 426. 
Marl, boring for the shelly strata, 
advised, 258. 
Marl, carbonate of lime in, 17, 44, 
46-48, 151-156, 172, 279, 429, 
Marl, deposit or travertine, 27, 172. 
“ Eocene, at Coggins’ point, 260. 
Marl, Eocene, existence of, beneath 
the Highlands, 5’. 

Marl, Eocene, extent of, on the riv- 
ers, 57. 

Marl, Eocene, of Pennsylvania, 129, 
421. 

Marl, Eocene, resemblance to gypse- 
ous strata of Miocene, 129. 

Marl, Eocene, tract south of James 
river, 259-263. 

Marl, ferruginous, 43. 
“ from the Pamunkey, 51-55, 


| Marl geological position of, 264. 

‘¢ green sand in, see Green sand. 
“gypsum in, 19, 127, 42'7. 

Marl in cliffs on the Blackwater 
river, 278. 

Marl in Prince Edward co., 70. 

Marl in region south of Rappahan- 
nock, 130, 

Marl, Mt. Pleasant, 30. 

“+ O€0P, Ol. 7, 

Marl overlying sandstone, irregular 
line of contact of, with Primary, 
262. 

Marl, Miocene, limits of, on Penin- 
sula, 421-425. 

Marl, Miocene, of Neck, upper beds 
rich in sulphates, 426. 

Marl, Miocene, overlying the Eocene, 
49 


Marl, peroxide of iron in, 46-48. 

Marl, pulverulent white and chalky, 
43, 46, 127, 180, 271, 426. 

Mar], Rose’s method for analyzing, 
10, 

Marl, sulphate of iron in, 45. 

Marl, shelly, 17, 30, 252. 

Marl, Tertiary, probable extent of, 
eastward, 255-259. 

Marl, value of, in agriculture, 8, 57, 
58, 429, 7547. 

Marl, value of, compared with barn- 
yard manure, 119. 

Marl, yellow, 46, 264-276, 430. 

Marl, yellow and gray, hardening of, 
by exposure, 272. 

Marls, analyses of, 8, 19, 31, 42, 46- 
48, 60, 151-156, 127, 172, 279, 
885-389, 

Marls, cause of color of, 278. 

Marls, light colored, fragmentary 
condition of shells in, 271-273. 
Marls, light colored, in irregular 

patches, 274. 

Marls of James river, 19, 55, 150. 

Marls of Northern Neck, 126, 130, 
426. 

Marling, kinds of shells best suited 
for, 42. 

Matinal, 71%. 

Measurement of strata at Jackson 
river, 338. 

Measurements of heights by boiling, 
point therm., 416, 
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Mechanical and chemical agencics 
concerned in the production of 
thermal springs, 586, 592, 594. 

Medial Pliocene, incorrect name for 
formation containing tertiary shells 
of the Peninsula, 664. 

Medina Division, 717. 

Melosira suleata, 735. 

Meridian, 717. 

Mesozoic, 717, 767. 

Mesozoic coal fields, western edge 
of, 725. 

Metamorphic rocks, see Rocks. 

Mica, 173, 295, 800, 303, 402, 424, 
456, 458, 469. 

Mica described, 284. 

““ in Eocene marl, 61. 

“ « Meijocene of Peninsula, 427. 
«“ rocks of Upper secondary, 
445. 

Mica in rocks of For. XIII, 348. 

“ <« sandstone of Ragged mt., 88. 
“ tale slate, 292. 

“ the primary rocks, 71-73 
456-459, 464-469. 

Mica slate, see Slate. 

Micaceous iron ore, see Iron ore. 

“¢ —_ limestone, see Limestone. 

- Microscopic fossils of Europe, 
438. 

Middle and Lower Cambrian, 717. 

Middle coal basin, see Coal. 

“ Cambrian or Auroral group 
as exposed in the Valley, 720. 

Middle Carboniferous (Upper Sub- 
Carboniferous), 717. 

Middle Mountain-belt, 603. 

“ secondary, appertaining to the 
New Red Sandstone, 542, 765. 

Middle secondary, area of, 473, 474. 
ie ty absence of calcare- 
ous matter in southern portion of, 
320. 

Middle secondary at Rapid Anne 
river, 468. 

Middle secondary, boundaries of, in 
northern district east of Blue 
Ridge, 472-475. 

Middle secondary, boundaries of, in 
southern district, 320-323. 

Middle secondary, carbonaceous mat- 
ter in strata of, 327. 

Middle secondary, certain rocks of 
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Nova Scotia and New Brunswick 
analogous to, 319. 

Middle secondary, character and con- 
tents of, in northern district, 475- 
480. 

Middle secondary, character and con- 
tents of, in southern district, 823- 
328, 

Middle secondary, east of Blue Ridge, 
color of strata of, 316. 

Middle secondary, explanation of the 
non-existence of limestone pebbles 
in, 319, 320. 

Middle secondary, exposures onJames 
river canal, 318. 

Middle secondary, its prelongation in 
Md., 474, 542. 

Middle secondary, igneous rocks oc- 
curring in, 328. 

Middle secondary, general features 
of, 471. 

Middle secondary in Pittsylvania, 
Halifax, and Campbell cos., 321, 
322, 

Middle secondary in Prince Edward, 
Cumberland, and Buckingham cos., 
322, 326. 

Middle secondary, modifying effects 
of igncous rocks on, 329, 

Middle secondary, not adjoining Ap- 
palachian rocks as in Pennsylvania 
and Maryland, 318. 

Middle secondary of southern district 
contains no valuable coal, 325, 328, 
480. 

Middle secondary on James river, 
above Warren, 829. 

Middle secondary, Potomac marble 
in, 318. 

Middle secondary sandstones and 
coal measures, 717. 

Middle secondary strata, fossils iden- 
tical in northern and southern dis- 
tricts, 318. 

Middle secondary, traced on the map, © 
472. 

Middle secondary, western margin of, 
474, 475. 

Middle secondary, uniformity of dip 
in, 319. 

Middle tertiary of Lower Virginia, 
discovery of new species of fossils 
in, 12, 


Middle tertiary, shells of, 667. 

Millstone grit, 288. 

Millstones, 93, 173. 

Mineral resources of Appalachian re- 
gion, 135. 

Mineral resources of Hampshire co., 
217, 

Mineral springs, principal ingredients 
in, 549. 

Minerals found in the Valley, 97. 

. of Willis’s mt., 291. 

Mines, observations of temperature 
in, 570-574. 

Mines, see Coal, Iron, Copper, ete. 

Mining at Pridevale, best mode of, 
700, 702. 

Miocene division, 717. 

“* composition of upper beds 
of, on Neck, 1277. 
Miocene, definition of term, 16. 
A fossil shells of, 41, 433, 
434, 661-663, 669-673. 
Miocene marl district, 29, 33. 
fs “general parallelism be- 
tween the plane of, and that of the 
rivers, in southern tract, 256. 
Miocene marl, see Marl. 
ay of the Peninsula, 425, 427. 
. 4 limits of, 
421, 422. 

Miocene shell marl, nature and va- 
rieties of, 41. 

Miocene shells most useful in marl- 
ing, 42. 

Miocene stratum on Governor's Hill, 
Richmond, 50. 

Miocene, terrace of, from the Rappa- 
hannock to the Carolina border, 
426. 

Miocene, thickness of strata of, 53, 
54. 

Miocene which overlies the Eocene, 
49. 

Monoclinal, term defined, 608. 

Montgomery buhr, 173, 

Grits and Coal Measures 
(Tucdian ?), 717. 
Muriate of soda, see Soda. 


Names adopted by H. D. and W. B. 
Rogers for the Paleozoic forma- 
tions of Penn. and Va., and used 
in H. D. Rogers’s final report 


lad 
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of the Geology of Pennsylvania, 
717. 


Natica, 33, 388, 431. 
# perspectiva, 662. 
“ interna, 662. 
Navicula, 734. 
New red sandstone related to the 
Middle secondary, 542, 765. 
Niagara Division, 717. 
Nitrates in caves, derivation of, 763. 
Nitrogen, see Analyses of springs. 
z in thermal springs, theory 
of origin of, 595. 
Norian or Upper Laurentian, 722. 
Normal dip defined, 608. 
“flexure defined, 608. 
“  flexures, see Flexures. 
Nucule, 33. 
Nucula ASqualis, 668. 
“  eultelliformis, 667. 
“ limatula, 37, 38. 
“ media, 668. 
‘¢ parva, 668. 
Numbers marking the Paleozoic for- 
mations as used in the Virginia and 
Pennsylvania reports, 717. 


Ochre, 49, 54, 311, 489. 

Ochreous iron, see Iron. 

Odontodiscus Uranus, 735. 

Oil of vitriol, see Sulphuric acid. 

Old Red Sandstone rocks of Europe, 
26. 

Oliva, 431, 452. 

Oncylogonatum carbonarium, 648. 

“On geological structure in Ireland,” 
by Mr. Thomas Weaver, 639. 

“On the classification and distribu- 
tion of the older rocks of Ger- 
many,” Murchison and Sedgwick, 
640, 

“On the physical structure and older 
deposits of Devonshire,”’ by Messrs. 
Sedgwick and Murchison, 689. 

Odlite coal of Europe, vegetable re- 
mains in, 646. 

Odlite coal of India, fossil plants in, 
resembling those of Virginia coal 
rocks, 647. 

Odlite formations of Europe, 768. 

“« of Yorkshire, Eng., 654. 

Odlitic iron ore, 688. 

“period, 542. 
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= impressions in sandstone of 
For. VII, 179, 199. 
Organic matter in springs, sce Anal- 
yses of springs. 
Organic remains in For. II, 172. 
Organization and operations of the 
corps of assistants, 539, 540. 
Origin of the deposit overlying the 
miocene shell marl, 664. 
Oriskany, anticlinal of, 723. 
A Division, 7 17. 
#: sandstone of New York 
(For. VII), 790. 
Orthoceras, 68, 172. 
Ostrea, 37, 88, 387. 
“  compressirostra, 36, 434, 668. 
“«  selleeformis, 18, 667. 
“«  sinuosa, 436, 668. 
“  Virginica, 42, 434. 
Oxford clay, 649. 
Oxide of iron, see Iron. 
Oxygen, see Analyses of springs. 
Oyster, ‘18. 
Oyster shell, analysis of, 42. 


Paleozoic, 717. 
Paleozoic formations, lower; 
wick’s classification of, 720. 
Panopea reflexa, 33, 36. 
Paving stones, 709. 
Pebbles and cobble stones of Wash- 
ington and Richmond, derived from 
the Appalachian belt, 709. 
Pebbles in conglomerate of For. X, 
183. 
Pebbles marking upper boundary of 
Eocene, 53. 
Pebbles of For. I, 447. 
“source of calcareous, of Po- 
tomac marble, 472. 
Pecopteris insignis, 654. 
¥f Munsteriana, 646, 654. 
# Nebbensis, 654. 
A teneris, 654. 
“ — Whitbiensis, 646, 653. 
Pecten, 35, 36, 37, 88, 42, 385, 387, 
667, 734. 
“  Jeffersonius, 434. 
“  Madisonius, 434. 
Pectunculus, 38, 667. 
“ pulvinatus, 434. 
ke subovatus, 434. 
Permian, 768. 
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ae 34, 46, 48, 155, 386, 429, 438, 
34 
Perna maxillata, 35, 428, 429, 433, 
434. 
Peroxide of iron, see Iron. 
* “« “see Analyses of 
springs, marl, ete. 
Petre dirt, 108, 763. 
Petroleum, 117. 
Peuce Huttonia, 768. 
Phosphates, see Analyses of springs. 
Pinnularia, 734. 
Pipe ore, inferior quality in For. 
VIII and IX, 200. 
Pipe ore, see Iron. 
Plaister, see Gypsum. 
Plates of fossil shells, description of, 
673. 
Plicatula, 387. 
Pliocene, 717,725. 
+ definition of, 16. 
s of Lyell, 666. 
Plumbago, 88. 
Podosira maculata, 735. 
Polir Scheifer, of Bohemia, 450. 
Ponent, 717. 
Popular errors concerning geological 
divisions, 26, 114. 
Porcelain clay, 284. 
Porcelain earth, 73, 457, 458. 
Portage Division, 717. 
Posidonia, 767. 
Posidonomya Bronnii, 766. 
$ Keuperi, 647. 
8 minuta, 766. 
Potash, 32, 284, 310. 
“« in clay of Eocene formation, 
666. 
Potash in green sand, 8, 11, 14. 
Potomac division, 604, 610. 
Potsdam group, 717. 
Potsdam or primal group, note on, 
722, 
Pottery, 458, 5077. 
Predominance of southeastern dips 
in Appalachian chain, 605. 
Pre-meridian, 717. 
Primal, 717. 
“ or Potsdam formation, dis- 
tance from Washington and "Rich- 
mond of, 711. 
Primary, origin of cobble-stones of, 
at Washington, etc., 709. 
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Primary and metamorphie rocks of 
north region, between Blue Ridge 
and head of tide, 455. 

Primary, definition of term, 15. 

in formation, 15, 71. 

“ at Richmond, 442. 

“narrow belt extending along 
the eastern boundaries of, 437— 
453. 

Primary rocks, see Rocks. 

v ‘“« separating Chesterfield 
coal-field from coal of Springfield 
basin, 483. 

Primary, south of James river, 265. 

Productus, 105, 172, 180. 

Profile section, 24, 9'7. 

Protocarbonate, see Iron cre. 

Protogine, 721. 

Protoxide of iron, 137, 138. 

“« “in green sand, 8, 14. 
Pedant see Gneiss. 
Pterophyllum, 656. 

Ptilophyllum acutifolium, 656. 
Purbeck beds, Virginia Secondary 
formation corresponding to, 712. 
Pyrites associated with slates of For. 

VIII, 180. 
Pyrites, see Iron. 
Pyxidicula actinocyclus, 736. 
a cruciata, 736. 


Quarries, see Limestone, Gneiss, etc. 

Quartz, 70, 71, 72,76, 84, 89, 90, 97, 
209, 291, 295, 3038, 305-307, 316, 
325-330, 447, 455, 456, 458. 

Quartz, auriferous, 74, 77, 80, 83, 85, 
283, 309, 314, 459. 

Quartz, beds and veins of, in gneiss 
east of Blue Ridge, 458. 


Quartz described, 283. 
drusy, 462. 
“in epidotic rocks, 461. 
“« . “ limestone, 391. 


“  pellucid, 97. 
“ slate, see Quartzite. 
“ vein, in cliff near Archer's cr., 
305. 
Quartz with chalcedony, 462. 
Quartzite, 293, 455, 459, 464, 721. 
“y associated with  talcose 
slates and limestones, 294. 
Quartzite described, 293. 
- micaceous, 464, 


Quartzite of Blue Ridge at Thorough- 
fare gap, 464. 

Quartzite of Nelson co., 294. 

Quaternary, 717. 

Quebec group, 722. 


Railway stations, 
729. 

Rain, solvent power of, 39. 

Reconnoissance, object of, 23. 

Red sandstone of the Middle second- 
ary, 476. 

Report of committee on proposed 
geological survey, 754. 

Report of geology of New Jersey, 
605. 

Reports of geology of Pennsylvania 
and Virginia, 605, 717. 

“Report on mineral and thermal wa- 
ters,” by Dr. Daubeny, 578. 

Report, scope of, for 1841, 539. 

Report, subjects and plans of, for 
1840, 418, 419. 

Researches in region east of the Blue 
Ridge, 542. 

Rhombice scales, 658. 

Ripple marks, 102. 

‘* in sandstones of For. 

X, 183. 

Rocks, action of currents on, 116. 
‘“« areas occupied by Upper sec- 
ondary, 439-442. 

Rocks, arenaceous, from jae 
ted limestone, 108. 

Rocks, auriferous, 74. 
“  Azoic¢, 769. 

Rocks bounding the Valley on the 
west, 224. 

Rocks, calcareous, 477. 

Rocks, Cambrian and Siluro-Cam- 
brian, 724, 726. . 

Rocks, cause of diagonal lamination 
of, at New river, 116. 

Rocks, conglomerate, of Albemarle 
co., ete., 85. 

Rocks, crystalline, 84. 

decomposition of, 91. 

“  epidotic, 461, 465, 473. 
“ example of échelon in, 98. 

Rocks exposed in section from Blue 
Ridge to Cumberland ©, H., 312- 
315. 

Rocks, ferruginous, 


geology of, 718- 


380, 
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Rocks forming the Appalachian 
chain, 602. 

Rocks, fossiliferous, of England, 
Prof. Phillips on, 68. 

Rocks, igneous, "6, .205, 215, 282, 
295, 327, 329, 677, 678. 

Rocks, igneous, ‘of Stoney Man, 205. 
«in cliff at Lick mt., 223. 

Rocks inferior to the coal measures 
in Meadow mt., Little Sewell, etc., 
372. 

Rocks in Middle secondary, 328-830, 
473. 

Rocks, metamorphic, 85, 282, 295, 
455-470. 

Rocks, mineral character and com- 
position of the more important, 
283. 

Rocks of Alleghany and North mt. 
region, 97-111. 

Rocks of the Blue Ridge, 89-92. 

Rocks of Blue Ridge improperly 
termed Primary, 84. 

Rocks (characterized) of For, I, 167- 
169, 197, 198. 

Rocks (characterized) of For. I, 
169-173, 198. 

Rocks (characterized) of For. III, 
173-175, 198. 

Rocks (characterized) of For. IV, 
175-177, 198. 

Rocks (characterized) of* For? V, 
177, 178, 198, 199. 

Rocks (characterized) of For. VI, 
178,179, 199. 

Rocks (characterized) of For. VII, 
179, 199. 

Rocks (characterized) of For. VIII, 
179-182, 199, 200. 

Rocks (characterized) of For. IX, 
182, 183, 200. 

Rocks (characterized) of For. X, 
183, 200, 201, 335, 336. 

Rocks (characterized) of For. XI, 
183-185, 201, 336-339. 

Rocks (characterized) of For, XII, 
201, 202, 340-342. 

Rocks’ (characterized) of For. XIII, 
202, 342-347. 

Rocks ee) of For. XIV, 

—497. 


s (characterized) of For. XV, 
cork ery 


Rocks of For. I in the Valley, 204. 

Rocks of For. III in contact with 
VIII at Crawford mt., 225, 

Rocks of For. IV at Streckler’s gap, 
225. 

Rocks of For. IV, curious exhibition 
of, in Pendleton co., 176. 

Rocks of For. X on Cheat river, 
368. 

Rocks of Great Flat Top mt., 373. 

Rocks of Great Western coal region, 
330-347. 

Rocks of Little Sewell and Meadow 
mts., 373. 

Rocks of Massanutten mt. probably 
of later origin than those of the 
Valley, 93. 

Rocks of ridges bounding the Val- 
ley on the west, 224, 

Rocks of Southwest district, 111-113. 
“¢ the Fort Lewis mt., 726. 

Rocks of the Little North mt., etc., 
224, 

Rocks of the Natural Bridge, 725. 

«6 ‘the Valley, 92-97. 

Rocks, primary, 71, 282, 321, 455, 
483. 

Rocks, primary and metamorphic, of 
Blue Ridge, 455-470. 

Rocks, schistose, of Waterford, Ire- 
land, 639. 

Rocks, sedimentary, 83, 86, 99, 283, 
471. 

Rocks, sedimentary, igneous action 
on, 83. 

Rocks, steatitic and serpentine, 463. 

Rocks, variation of dip marking the 
beginning of Great Western se- 
ries, 108. 

Rock structure of Panther gap, 723. 

Roofing slates, 460. 

Rotten limestone of New Jersey, 
etc., 317. 

Rotten stone, 450. 


Salamander found 
110. 

Salina Division, 717. 

Salines, gypsum present in, 112. 

Salines of Great Western region, 
118, 

Salines of Holston valley, 112, 142. 
“« “© SW. district of State, 112. 


in Salt pond, 
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Salt, 110, 113, 142, 165, 873. 
“alum of Kanawha, 143. 

Salt and gypsum of North fork of 
Holston probably referable to Sub- 
carb. period, 728. 

Salt manufacture in Holston valley, 
142, 

Saltpetre, 108, 764. 

Salt pond, 109. 

Salt region of Holston resembling 
Cheshire salt region of Eng., 112, 

Salt wells at Saltville, 726. 

Salt wells of Kanawha valley, 373. 

Salt wells, proportion of salt in va- 
rious, 113. 

Salts, calcareous and magnesian, in 
springs, 591. 

Sand for glass manufacture, 207. 

“ of Miocene, 29. 
«white felspathic, 448, 

Sandstone above the coal on the 
Ohio, below Wheeling, 518. 

Sandstone altered, 330. 

e Upper secondary, areas 
occupied by, 439. 

Sandstone, argillaceous, 84, 89, 200, 
324, 372, 880, 381, 383. 

Sandstone as a building material, 70, 
84, 85, 188, 206, 444, 491, 497. 

Sandstone associated with bed of 
limestone on Rapid Anne, 468. 

Sandstone associated with bitumin- 
ous coal, 63, 65. 

Sandstone associated with coal n near 
Parkersburg, 332. 

Sandstone associated with ore at 
mouth of Savage river, 353. 

Sandstone at Morgantown, 491, 494. 

“ calcareous, 324, 361, 364, 
479, 618. 

Sandstone capping Meadow mt., 115. 
ars conglomeritic, 325, 342, 
852, 445, 487, 

Sandstone, curious character of, at 
George’s creek, 325. 

Sandstone, dark greenish blue, Am- 
herst and Albemarle cos., 91. 

Sandstone, epidotic, 90. 

% feldspathic, 487, 448, 
445-448, 451, 453, 485, 511, 512, 
516, 518, 

Sandstone, ferruginous, 31, 260, 422, 
430, 432. 


Sandstones, flaggy, 488, 489, 493, 502. 
Sandstone, fossiliferous, 105, 261. 
. gneissoid, 294, 455, 459, 
460, 465, 470. 
para grey flaggy, of Hinton, 
25. 


Sandstone, igneous action on, 83, 84. 
: micaceous, 188, 200, 201, 
296, 324, 835, 339, 858, 477, 485, 
489, 492, 494-496, 500-502, 518, 
Sandstone, micaceous, at western 
limit of Eocene tertiary, 260. 
Sandstone, new red, of Europe, 635. 
7 of Alleghany and North 
mt. region, 101. 
Sandstone of foot-hills west of Blue 
Ridge, 167, 
Sandstone of For. I, 168, 169, 197, 
204, 206, 208. 
Sandstone of For. I, jointed struc- 
ture in, 167, 168. 
Sandstone of For. ITI, 173-175, 198. 
# of For. IV, 175, 198, 220, 
587, 616. 
Sandstone of For. V, 177, 198. 
“© For. VIL, 179, 199. 
% “ For. VIII, 199. 
“ “ For. IX, 182, 200. 
y “ For. X, 183, 200, 228, 
335. 
Sandstones of For. XI, 201. 
‘¢ (Fori XI, 201. 
¥ “  & & Monongalia 
valley, 487. 
Sandstones of For. XIII, 202, 487- 
490. 
Sandstones of For. XIV, 491-497. 
¥ “ For. XV, 500-503. 
a “Jackson river, anti- 
clinal, 728. 
Sandstones of Kanawha valley, 374, 
382. 
Sandstone of lower shale and sand- 
stone group, 485, 510, 513. 
Sandstones of Ohio river, 506-513. 
4 “ Orange co., 132. 
¢ % Secondary, insulated 
locality of, in the bed of Nottoway 
river, 261, 
Sandstone of the Middle secondary, 
281, 471. 
Sandstone of Upper i 440, 
445, 446. 
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Sandstone of Warm Spring mt., 103. 
“ western flank of ’ Blue 
Ridge, geological position of, 158. 

Sandstone overlying the coal near 
Guyandotte, 519. 

Sandstones overlying the Primary 
rocks along their eastern boundary, 
69. 

Sandstone, probably below the EKo- 
cene strata toward the east, 425. 
Sandstone, quarries of, 70, 84, 295, 

296, 374, 443, 444, 512. 

Sandstone quarry, Balcony falls, 207. 

= red, 86, 98. 
“ resembling millstone grit, 
101, 
Sandstone, schistose, 89. 
. shaly, 357, 492, 500. 
Mi silicious, 228, 313, 382, 
487. ; 

Sandstones, slaty, 90, 198, 227, 326, 
340, 874, 376, 445, 478, 488, 514, 
516. 

Sandstone, thickness of, at Freestone 
point, Potomac, 440, 

Sandstone, used in manufacture of 

__ firebrick, 85. 

Sandstone, vitreous, 205. 

B yellow, micaccous, 375. 

Saurians, 766. 

Saurian teeth, 647, 658. 

Scalent, 717. 

Scallops, see Oysters. 

Schist, 83, 86, 87, 88. 

‘- — micaceous, 84. 
“siliceous, 84. 
“  talcose, 81, 84, 86. 

Schistose rocks, of Waterford, Ire- 
land, flexure in, 639. 

Schorl, 72, 286, 291. 

“ described, 286. 

Scolithus, 713. 

“linearis, 709. 

Secondary, bituminous coal region 
of, 28, 62. 

Secondary, definition of term, 15. 

4 formation, boundaries of, 
320, 323. 

Secondary of New Jersey absent in 
marl region traversed by the large 
rivers of Virginia, 150. 

Secondary, i igneous rocks of, 328, 330. 

e of Europe, 15. 


Secondary of New Jersey, 17, ‘766. 

" “ south district cast of 

Blue Ridge, 315. 
Secondary, on Appamatox river, 261, 
¢ sandstone, forming the 
western limit of the Tertiary, 420. 

Secondary, see Upper and Lower 
secondary. 

Section across the Monongalia val- 
ley, 486-504. 

Section across the Sweet Spring val- 
ley, 587. 

Section at Pridevale, 697. 

“« “ $tockton’s steam mill, 
Smither’s creek, 375, 376. 

Section at Wheeling hill, near nation- 
al road, 514. 

Section crossing Middle secondary 
formation, 324. 

Section from Ashby’s gap to Front 
ridge of the Alleghany mt., 623. 
Section from Bath across Cacapon 
mt., error in reduction of, 590. 
Section from Bellfield to Abbeyville 

| described, 482. 

Section from Bellfield to Charlotte 
C. H. described, 481. 

Section from Blue Ridge at Tye river 
gap to Cumberland C. H. described, 
312-3815. 

Section from Dranesville to Leesburg 
described, 4'76-477. 

Section from Elkton to Warrenton 
described, 478. 

Section from Fairfax C. H. to Aldie 





described, 477. 

Section from Falling er. to Cumber- 
land C. H. described, 481. 

Section from Fork meeting-house to 
Culpeper C. H. described, 478. 

Section from Petersburg to three 
miles beyond Ligontown, onthe 
Appomattox, described, 481. 

Section from Poplar Camp mt. to the 
commencement of coal rocks, north- 
west of Abb’s valley, described, 
623. 

Section from Prince Edward C. H. to 
the Blue Ridge described, 481. 

Section from South fork of Roanoke 
river to base of Peters’ mt., near 
Union, 623. 

Section from south of Petersburg to 
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Prince Edward C. H. described, 
481. 

Section from South mt., Penn., to 
Chestnut ridge, 622. 

Section from the mouth of Little 
Beaver river, Penn., to mouth of 
Big Sandy, on Kentucky line, de- 
scribed, 504. 

Section from Warminster to Walker’s 
ford described, 801-307. 

Section from Weldon, N. C., to Hali- 

_ fax C. H. described, 482. 

Section, ideal, in Appalachian region, 
608. 

Section in coal near Crab creek, Ohio 
river, 519. 

Section in Formation XI, 337. 

“ “mine near Jacksonville, 
5038. 

Section in upper coal group, or For., 
XV, 498. 

Section, lower coal group, on the 
Ohio, described, 505, 507. 

Section near Wheeling, upper coal 
group, 513. 

Section of lower shale and sandstone 
in River hill, Ohioriver, 511. 

Section of valley of Shockoe creek 
described, 453. 

Section of Vineyard hill, 
379-383. 

Section on Ohio river above the 
mouth of Little Beaver, 506-507. 

Section on Ohio river, near Wells- 
ville, 508-510. 

Section, profile, description of, 187. 
re ‘through the White Sulphur 
springs, example of flexure, 588. 

Section, through Wilson’s thermal 
and across Garden mt. , example of 
flexure, 589. 

Sections across Appalachian chain, 
622-624. 

Sections embodied in the general 
profile section, from Hampton 
Roads to Guyandotte, on the Ohio, 
24, 

Sections from geological report by 
Sir H. De la Beche, 639. 

Sections from Murchison’s “ Siluria,” 
638. 

Sections illustrating flexure, 585, 587, 
590, 591. 


vertical, 


Sections in coal and iron ore of the 
Pridevale Co., 682, 701. 

Sections in south of England, by Dr. 
Fitton, 641. 

Sections planned between Blue Ridge 
and head of tide, northern district, 
454, 

Sections proposed, 24, 121. 

Sedimentary rocks, see Rocks. 

Selenite, 97, 117, 127, 130, 260, 427, 
430. 

Semi-opal, 489, 462. 

Seral formation, 683, 717. 

Serpentine, 296, 297, 459, 464. 

4 rock, quarries of, Fairfax 
co., 463. | 

Serpula, 42, 47, 431. 

‘“«  granifera, 434, 

Shale, adapted for the manufacture 
of pottery, 507. 

Shale, argillaceous, 201, 338, 339, 
355, 359, 363, 378, 487-493, 495, 
499, 500. 

Shale associated with nodular iron 
ore, 686. 

Shale, bituminous, 181, 315, 316, 318, 
828, 329, 330, 332, 836, 387, 342, 
345, 350, 358, 875, 880, 448, 490, 
492, 498, 494, 499, 503, 507, 516. 

Shale, bituminous, caution in regard 
to search for copper in, 133. 

Shale, calcareous, 339, 344, 376, 479, 
485, 514, 515, 541. 

Shale, calcareous, associated with 
iron ore of For. V, 177. 

Shale, carbonaceous, 105, 227, 324, 
326, 327, 381, 514. 

Shale, containing nodular iron ore, 
354, 

Shale, copperas and alum in, 200. 

“‘  fossiliferous, 366, 875, 377, 
514. 

Shale, in Great Western coal region, 
485. ' 

Shale, micaceous, 375, 492, 497, 500, 
512, 

Shale, ochreous, of For, IV, 175. 

“ red, of Bull Run mt., 133. 
x sandy, 507, 508, Bll. 
“siliceous, 354, 877, 882, 495. 

slaty, 376. 

Shales, bituminous, of oehegs second- 
ary, "445, 


a“ 


“1 


Shales, calcareous, of N. J., Penn., 
and Md., 318. 

Shales, Greenbriar, q17. 

of For. II, 206, 
a Vv, 177, 224. 
KES LN: VI, 178. 

“ For. XI, remarkable varie- 
ty of color and crumbly texture of, 
184, 

Shales of For. XIII, 487, 488, 489, 
490. 

Shales of For. XIV, 491, 492, 493, 
497, 498. 

Shales of For. XV, 499, 500, 501, 
502, 503. 

Shales of Kanawha valley, 375, 376. 

re “ the Middle secondary For., 
471. 

Shales of Upper subcarboniferous at 
Hinton, 725. 

Shales on Ohio river, 510, 5138. 

Sharks’ teeth, 451, 453, 

« ’ in artesian borings at 
Fort Monroe, 733. 

Shawungunk grit, 613, 616. 

Shell marl, see Marl. 

Shells, action of sulphates on, 50. 

“ ~ casts of, in limestone, 105. 

“  easts of, in Miocene marl, 49. 
“change in the species in pass- 
ing from “the Eocerie to the Mio- 
cene, 267. 

Shells, condition of, in Tertiary, 33. 

Shells in banks of Potomac, 429, 
435. 

Shells in banks of Rappahannock, 
431. 

Shells in limestone, 178. 

“« jin Miocene, 49, 725. 
“ in Tertiary marl, the number 
examined, 280. 

Shells, Miocene and Eocene, not be- 
fore described, 669, 672. 

Shells most useful in ‘marling, 42. 

“ new fossil, of the Eocene, 667- 
668. 

Shells, number of species, on Penin- 
sula, 39. 

Shells of Miocene formation, 661, 
662, 663. 

Silica, 8, 73, 137, 188, 169, 170, 184, 
185, 186, 283, 

Silica in clay, 70. 





99 


Silicia in hydraulic limestone, 230, 
287, 389, 401, 519, 526. 

Silica in iron ore, 401, 405, 527, 582. 
‘“¢ in oyster shells, 42. 

see Analyses of springs. 

Silicate of iron and potash, 11, 17, 
32. 

Silicate of iron in Eocene formation, 
666. 

Silicate of iron, see Iron. 

Silcious sandstone of Kanawha coal 
measures, 382. 

Silicified wood, 768. 

“ Silliman’s Journal,” 

Silurian, 717. 

“ of Wales, Sir R. Murchison 

on, 640. 

Siluro- Cambrian, or Upper Cambrian, 
TL 

Siluro-Cambrian _ slates, 
722. 

Silver, 75. 

Sinks in Miocene marl region, 32. 

Slate, argillaceous, 74, 89, 182, 198, 
292, 300, 318, 826, 357, 445, 448, 
460, 469. 

Slate at Warrenton, 465. 
“ pelt of Massanutten mts., 218. 
“  pituminous, 337, 340. 
“ lack wafery, having the ap- 
pearance of coal shales, 479. 

Slate, carbonaceous, 368. 
“¢ calcareous, 17 1, 198, 204, 324, 


ce 


42, 578, 664. 


extent of, 


357. 

Slate, chlorite, 74, 75, 88, 316, 459, 
460, 465, 466, 469. 

Slate, conglomeritic, 325. 

epidotie, 465. 

“  fossiliferous, 105, 357, 517. 
“ garnet, 74, 48, 80. 
‘¢ _ green, 108. 

greenstone, 315. 
“ hornblende, 314, 316, 329, 455, 
458, 481. 

Slate, iron pyrites in, 101. 
«mica, described, 291. 
3 “principal ‘pelt of, 291. 
Mo “soils of, 292. 
“< micaceous, "4, 78, 182, 291, 
294, 299, 300, 301, 302, 308, 304, 
305, 807, 310, 312, 314, 315, 316, 
322, 826, 445, 456, 458, 460, 465, 
469, 476, 520. 
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Slate, micaceous garnet or “‘bird’s-eye 
maple,” 78. 
Slate of Meadow mt., 115. 
in Augusta co., 174. 
“  pyritous, 99, 101, 141, 180. 
“ quarries of, 460. 
“ quartz, see Quartzite. 
“ red, 86, 108. 
“ rocks, west of Southwest and 
Bull Run mts., 460. 
Slate, roofing, 79. 
“siliceous, 78, 84, 
“soft blackish, 324, 
“  steatitic, 298. 459, 460. 
“¢  talcose, 75, 84, 292, 293, 294, 
297, 299, 301, 304, 306, 310, 314, 
455, 460, 468, 528. 
Slate used as an oil stone, 369. 
“useful for road beds, 106. 
_ “ — vegetable impressions in, 102. 
“* varieties described, 291-294. 
Slates and grits of coal ficld of 
Eastern Va., 645. 

Slates associated with the gneiss east 
of Blue Ridge, 456. 

Slates, micaceous, of Upper second- 
ary, 445. 

Slates of For. I, 168, 206, 208. 
“ “ « altered by proximi- 
ty to igneous rocks, 205. 


227, 369, 372. 


Slates of For. III, 175, 209, 210, 213, 


218, 219, 222, 228, 613. 

Slates of For. VII, 179-181, 199, 
221, 224, 

Slates of For. IX, 180, 183, 200, 223, 
224, 

Slates of For. XIIT, 202. 
“« “ Alleghany region, 98, 99, 
101. 

Slates of eastern district, minerals 
associated with, 459. 

Slates of Evington, 721. 
«© Fort Lewis mt., 223. 
“  Massanutten range, 159. 
«“  “yegion east of Blue Ridge, 
458-462. 

Slates of Southwest mt., 459, 719. 
“ “the Valley, 92; 93. 
“« —“ Upper secondary, 445. 
“ “western coal field, 832, 340, 
341. 

Slates, Siluro-Cambrian, 722. 
“suitable for building, 78, 479. 


Slates, useful for flaggings, etc., 460. 
Soapstone, 27, '79, 297, 314, 459, "482, 
of northern district east of 
Blue Ridge, 459. 
Soapstone of Vermont, 87. 
“s rocks, described, 296. 
<i steatitic, 86, 286. 
ff variety of, near Boydton, 
482. 

Society of Natural History, Boston, 
709. 

Soda, caustic, see Analyses of springs. 
‘* muriate, from Kanawha wells, 
118. 

Soda, see Analyses of springs. 

Sodium, see Analyses of springs. 


| Soil, ferruginous, of Goochland, 72. 


“of For. III, productiveness of, 
220. 

Soil of Northern Neck, 420. 

Soils, certain red, not productive, 
290. 

Soils derived from mica slate, 292. 
“effect of certain sulphates on, 
128. 

Soils from slates of For. VIII, 182. 

of Culpeper, Orange, ete., 133. 
“  epidote rocks, 463. 
‘¢ . SRoreVi eal. 
“ For. XIII, 343. 
‘« “ southern district, 
Blue Ridge, 91, 316. 


east of 


Soils of For. XI, productive, 185. 


“« “ the primary region, 72. 


“ “slates east of Blue Ridge, 
461. 
Soils of the northwest portion of the 
state, 541. 
Snel of the primary region, color of, 
2 


Soils, presence of limestone rocks no 
indication of calcareous matter in, 
94, 138. 

Soils, red, of Bull Run mt., 133, 

« ’ value of gypsum on, 129. 

Spar, calcareous, 81, 92, 271, 300, 
302, 398, 467. 

Spar, containing crystals of galena, 
139 


Spar, fluor, 218. 

Spirifers, 172, 180. 

Spring, Dibbrell’s, 225, 395, 561. 
s Dickson sulphur, 561. 
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Spring, Grey sulphur, 106, 109, 394, 
560. 
“  Howard’s Lick, 561. 
«  Humphrey’s, 551. 
“ McHenry’s thermal, 562, 581. 
“ near. Milford, 584, 724. 
“ near Williamsburg, analysis 
of, 40. 

Spring, New Red, or Champagne cha- 
lybeate, 553. 

Spring, Old Red, 554. 
«“  Preston’s, 564. 
“ Sweet, or Field, 554. 
«“ Wilson’s thermal, 568, 581, 
589, 590. 

Springs, absence of bittern in the 
prines of Holston valley, 142. 

Springs, acidulous, 549. 
“alkaline, 549. 
“ alum, 558, 559. 
“ ammonia in, 40. 
“ amount of combined gas in, 
107. 

Springs, analyses of, 40, 549-564, 
582-583. 

Springs, Blue sulphur, 106, 558. 
« ~ prine, of Holston valley, sup- 
posed origin of, 142. 

Springs, Brinkley’s, 558, 559. 
a cause of color of, 107, 589. 
«“  chalybeate and sulphurous, 
of slates of Alleghany region, 99, 
101, 106. 

Springs, classification of, 549. 
“hot, 555. 
¥ “ chalybeate, 556. 
«in For. III, 173. 
“ mean temperature of air at, 
566. 

Springs, mineral and thermal, Dr. 
Daubeny on, 578. 

Springs, mineral, of For. VIII, 182. 
«“ ~ near Wardensville, 584. 
“ of Alleghany and North mt. 
region, 101, 104, 106, 107. 

Springs of Miocene marl district, al- 
lied in character to those of the 
limestone of other regions, 39. 

Springs of Shannondale, 101, 178. 
“ "principal ingredients in min- 
eral, 549. 

Springs, Prof. Bischoff on tempera- 
ture of, 579. 


Springs, Prof. Forbes on temperature 
of, 579. 

Springs, Salt sulphur, 106, 108, 109, 
550 


a sulphureited, 27,99, 101,106, 
107, 180, 549. 

Springs, sulphuretted, of For. VIII, 
182 


Springs, table of temperatures of, 
565 


Springs, Sweet, 104, 107, 111, 229, 
621, 588, 725. 

Springs, thermal, 103, 106, 108, 550. 
$s tt at junction of Hypo- 
gene rocks with Appalachian, 585. 

Springs, thermal, catalogue of. 580— 
584. 

Springs, thermal, definition of by 
Profs. Bischoff and Daubeny, 578, 

Springs, thermal, geological position, 
etc., of, 580-584. 

Springs, thermal, of Appalachian 
chain, 578. 

Springs, thermal, of Brown’s mt., 
588 


Springs, thermal, of Europe, 577. 
. “¢ position of, in Sweet 
Springs valley, 592, 725. 
Springs, thermal, Prof. Phillips on 
cause of, 596. 
Springs, Yellow sulphur, 563. 
Stages to Healing springs, ete., 724. 
Stalactites, 764, 765. 
Stalactitic ore, see Iron. 
Stalagmites, 764, 765. 
State cabinet, 122, 193. 
“ mineral resources of southwest- 
ern district of, 111.-1138. 
Staurotide, 293. 
Steaschist, 74, 79, 721. 
Steatite, 286, 299, 312, 463, 721. 
“  chloritic, 88. 
“described, 286. 
“ taleose, 286. 
Steatitic rocks, of Fluvanna and Loui- 
sa cos., 463. 
Stephanopyxis apiculata, 736. 
a Diadema, 736. 
Stigmaria, 646. 
Stone used in buildings at Washing- 
ton, 443. 
Strata above Hull’s creek, Northum- 
berland co., 483. 
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Strata, arched, 102. 
e Brown’s mt., 177. 
my of For. IV., 176. 
4 zs “Great North mt., 
176. 
Strata, arch of, at Balcony falls, 89. 
“ * Clifton Forge, 103, 
276, 723. 

Strata, arch of, at pass of Calf Pas- 
ture river through North mt., 103. 

Strata at Brock’s gap, 224. 

‘“* Cow Pasture hills, 181. 

Draper’s mt., 223. 

Little North ‘mt., 224, 225. 

Savage mt., 348. 

Warm Spring ridge, 590. 

basin-shaped arrangement of, 
173, 174, 181. 

Strata, caution against identifying 
names of, with those of Europe, 
114. 

Strata, character and contents of Up- 
per secondary, 442-449. 

Strata, character and contents of 
Middle secondary and associated 
trap, 475-480. 

Strata, column representing, 264. 

Strata comprising three lower groups 
of Great Western coal region, 
486. 

Strata, condition of, in which obser- 
vations relating to subterranean 
temperature were made, 570. 

Strata containing fossil shells, 663. 

Strata, diagonal lamination of, 116. 

Strata, diagonal lamination of, gen- 
eral among sandstones of the west, 
108. 

Strata, definition of terms relating 
to, 202, 203. 

Strata, description of, on Peninsula, 
421. 

Strata, direction of dip in Great 
Western coal region, 383, 484-486. 

Strata, dip of, in location of thermal 
springs, 586. 

Strata, direction of strike of, in Ap- 
palacian chain, 619. 

Strata, dislocation of, at Crawford’s 
mt., 225. 

Strata, dislocation of, in region west 
of the Valley, 159. 

Strata, dislocations of, 615-617. 


| Strata, dislocations of, at Brushy 


ridge, 624, 

Strata displayed on the Ohio, 504, 
505. 

Strata, disturbance of, 97. 

Strata, échelon arrangement of, 98, 
631, 

Strata, Eocene of James river, 55. 

“ of the Pamunkey, 51. 
= “ of the Peninsula, 128- 
129, 

Strata exposed at Rocketts, 448. 

Strata exposed by denudation, 331, 
341, 

Strata exposed in ravines in Tertiary 
marl region, 254. 

Strata, faults in, 160, 203, 225, 228. 

Strata, flexures of, in Appalachian 
chain, 608. 

Strata, folded, 586. 

Strata in For. XI on Potomac, 337, 
338, 

Strata, geological position of, on 
Kanawha, 383. 

Strata, greater thickness of, between 
lower and upper coal series of 
For. XIII, 345. 

Strata included in southern district 
of Middle secondary, 324. 

Strata in coal of Kanawha valley, 
373-383. 

Strata in For, XIV, 494. 

‘“‘ in Miocene of the Neck, 427. 
“in rocks of For. VII, 179. 

‘* in section across Monongalia 
valley, 486. ; 

Strata in Tertiary near Richmond, 
449-453, 

Strata, inversion of, at Little North 
mt., 224, 225. 

Strata, inversion of, in Appalachian 
chain, 608. 

Strata, inverted at Clifton Forge, 
587. 

Strata in which salines oceur, 114. 

Strata, irregularity of, between Sec- 
ondary and Tertiary, 261, 262. 

Strata, law of the gradation of their 
flexures from §. E. to N. E. in Ap- 
palachian chain, 607. 

Strata marking the position of ther- 
mal springs of Europe, 577. 

Strata, Miocene, 126, 
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Strata, mutability of, in upper coal 
group, 503. 

Strata near Portsmouth, 259. 
< “ Strasburg, 93. 

Strata, oblique inflection of, the reg- 
ular form of anticlinal axcs, 
624, 

Strata of Biggs’s mt., 589. 

“ = Brock’s gap, 224. 
“ “ Catawba and Fort Lewis 
mts, 222. 

Strata of coal basins of Hastern Vir- 
ginia, 645. 

Strata of coal measures approaching 
the Ohio, 332, 333. 

Strata of Eocene of Peninsula, 434. 

Strata of gravel and cobble-stones, 
713. 

Strata of Great Western coal field, 
114, 350-351. 

Strata of Massanutten ranges, 158, 
220. 

Strata of Middle secondary, 323. 

Strata of region south of James 
river, 263-276. 

Strata of sand and clay overlaying 
beds of marl, 275. 

Strata of South West mt., 466. 

«“ “ the Allegheny mt., 588. 
« the Middle secondary, east 
of the Blue Ridge, 471. 

Strata of the Sweet Springs valley, 
615. 

Strata on Ohio river, 504, 505. 

“ the Potomac, 428-4380, 435. 
“ & Potomac associated with 
infusoria, 451, 452. 

Strata on the Rappahannock, 430- 
432. 

Strata, origin of undulations of, in 
Appalachian chain, 331. 

Strata, position of, preventing the 
occurrence of thermals in Sweet 
Spring valley, 593. 

Strata, remarkable exposure of, in 
Hampshire co., 117. 

Strata, synclinal basin of Ohio river, 
described, 332, 333. 

Strata, terms used in describing, 
608-609. 

Strata, theory of elevation of, in Ap- 
palachian chain, 624-630. 

Strata, thickness of Miocene, 53, 54. 


Strata, thickness of, near Western- 
port, 338. 

Strata, Upper secondary, 440-443. 

Strata, variation of dips of, marking 
beginning of Great Western series, 
108. 

Strata west of the Blue Ridge, oce- 
anic origin of, 166. 
Structure and principal rocks of the 
Great Western coal region, 330. 
Structure of Appalachian chain, 608, 
612-622. 

Structure of Appalachian chain, Prof. 
Hitcheock on, 606. 

Structure of the Wealden formation, 
Dr. Fitton on, 640, 641. 

Subcarboniferous period of the salt 
and gypsum deposits of the Hol- 
ston north fork, 728. 

Suggans, miners’ name for nodules 
of iron ore, 688. 

Subterranean gases, action of, 627, 
631. 

Subterranean undulations, 627. 

Sulphate of baryta, see Baryta. 


e ‘“ iron in clays, 50. 
24 “‘ iron in marl beds, 44, 45, 
260, 279. 


Sulphate of iron, see Iron. 

Sulphate of lime, crystals of, in 
Eocene, 666. 

Sulphate of lime in green sand marl, 
7. 

Sulphate of lime, see Lime. 

as ““ magnesia, see Magnesia. 

Sulphates in cliffs of Rappahannock, 
430. 

Sulphates in springs, see Analyses of 
springs. 

Sulphides in springs, see Analyses of 
springs. 

Sulphuret of iron, 97. 

Sulphuret of iron in coal of Ohio 
river, 507. 

Sulphur in clay, 50. 

Sulphur in Miocene marl, 45, 50, 121, 
426, 430, 434. 

Sulphuric acid a test for magnesia in 
limestones, 214. 

Sulphuric acid the cause of the de- 
struction of shelly matter in marls, 
127. 

Sulphurous springs, 549, 
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Surgent, 717. 

Survey, act authorizing, 23, 762. 

Survey, chemical department of, 192, 
415. 

Survey, chemical details of, 384-410. 

Survey, chemical inquiries connected 
with, 186. 

Survey, completion and preparation 
of final report of, 543-546. 

Survey, delays in prosecution of, 149. 

Survey, details not contemplated in 
annual reports of, 126. 

Survey, difficulties often encountered 
in geological explorations in, 157. 

Survey, graphical department. of, 
187, 193, 415. 

Survey in North Western district, 
383. 

Survey, laboratory work of, 186, 192. 
“« money expended on, 418. 

‘“‘ number and extent of the re- 
sults of, 543. 

Survey of New York, names of for- 
mations used in, 717. 

Survey of Penn., names of forma- 
tions adopted in, 717. 

Survey, operations of, in western coal 
field, 330, 484, 486. 

Survey, operations of, in Appalachian 
region, 541-543. 

Survey, operations of, in northwest- 
ern district, 383. 

Survey, operations of, in region west 
of Greenbrier river, and in valley 
of Kanawha, 372-384. 

Survey, organization of corps of as- 
sistants for 1840, 413. 

Survey, organization of corps for 
1841, 539-540. 

Survey, plans of operations for, 120, 
156, 191-193, 250, 281-283, 413- 
418, 453-455. 

Survey, progress of, to 1841, 417- 
418. 


Survey, proposal of, by Ilon. P. A. 
Browne, in letter to Gov. Floyd, 
749, 

Survey, report of committee on, 754. 
id tasks allotted to assistants, 
year 1839, 248. 

Survey, time required for completion 
of, 143, 543. 

Survey, topographical branch of, 120. 


Susquehanna division of Appalachian 
belt, 604, 610. 

Syenite, 721. 
“described, 288. 
ef hornblendi¢, 289. 
ff of Harris’ branch, James 
river, 303. 

Syenite, porphyritic, 313. 

Synclinal basin of Ohio river, 332. 

sf basin of Catawba and Fort 

Lewis mts., 725, 726. 

Synclinal basin of the Massanutten 
mts., 722. 

Synclinal mt. defined, 608. 

Synedra Ulna, 736. 

Systephania Corona, 736. 


Teniopteris latifolia, 653. 


magnifolia, 646, 651, 
652, 658. 
Teniopteris major, 653, 
ve scitaminea, 646, 651. 
652, 658. 


Teniopteris vittata, 646, 651, 652, 
653. 

Talc, 83, 285, 288, 291, 293, 301, 
306, 310, 456, 459, 462, 466, 467, 
469. 

Tale described, 285. 

Talcose limestone, see Limestone. 

‘* serpentine, 464. 
“slate, 463, 464. 

Tale slate, described, 292. 

Taunus chain of mts., structure of, 
similar to that of Appalachian belt, 
640. 

Technical terms, explanation of, 202. 

Tellinez, 33. 

Temperature in coal mines of East- 
ern Virginia, 569-574. 

Temperature in shafts either just 
completed or in progress, 571, 572, 
573. 

Temperature ; law of its increase as 
we descend beneath the surface of 
the earth, 569, 574. 

Temperature, observations of, at dif- 
ferent depths, in mines actually or 
but lately in operation, 570. 

Temperature of air at springs, 582- 
584, 

Temperature of air at Warm springs 
and at Richmond, table of, 566. 
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Temperature of springs, 565, 582- 
584. 

Temperature of springs in Appala- 
chian chain, 578, 579. . 

Terebratula, 102, 105, 172, 175, 180. 

Terms used in describing structure, 
608, 609. 

Terraces of hills near Kanawha, 
379. 

Terrace structure at Vineyard hill, 
379. 

Tertiary formation, 717. 

“ “adjoining Primary on the 
east, 254. 

Tertiary, age of American, 664. 

4 as described by Mr. Con- 
rad, 12. 

Tertiary, borings in, recommended, 
258. 

Tertiary, boundaries of, 28, 29, 251, 
449. 

Tertiary clay containing casts of 
shells, 446. 

Tertiary cliffs on York river de- 
scribed, 37-38. 

Tertiary, condition of shells in, 33. 

“« definition of term, 16. 

«“ deposit, Mr. Lyell on, 16. 

5s “ at Fortress Mon- 
roe, 725. 

Tertiary of Europe, 15, 16. 

«“ “a deposit of sand and clay 
transported subsequent to forma- 
tion of, 2577. 

Tertiary, description of Miocene dis- 
trict of, 427. 

Tertiary, diatoms of western outcrop 
of, 725. 

Tertiary, diluvial action on, 665. 

. discovery of the extension 
of, at mouth of James river, 725. 

Tertiary, disposition of the fossils 
in, 35-36. 

Tertiary, explanation of column rep- 
resenting strata in, 264. 

Tertiary, extent and topographical 
features of, 419-420. 

Tertiary extent of, eastward, 783. 

“© “ Kocene and Miocene shells 
of, 669-673. 

Tertiary, fossils of, 661-673. 
Tertiary of Virginia, no traces of 
fresh-water fossils in, 16. 


Tertiary, geology and topography of, 
251-255. 

Tertiary, infusorial stratum in, 449- 
453. 

Tertiary, in vicinity of Smithfield, 
276. 

Tertiary, irregularity 
boundary of, 261. 
Tertiary, limits of, in tract south of 

the James river, 259, 263. 

Tertiary, limits of Miocene and Eo- 

cene districts of Peninsula, 421- 
425. 

Tertiary, lower, in Alabama, 12, 

“ “lower, strata of described, 
1% 

Tertiary marl, see Marl. 

Tertiary marl region, defined, 25, 28. 
x 4 “railroads from 

Carolina to New York following 
boundary of, 254. 

Tertiary, near Petersburg, 448. 

‘© Richmond, 442. 

«¢ Middle, 12. 

“Miocene, 28, 32, 419. 

‘ no older formation than, on 
James river, below Farra’s island, 
442. 

Tertiary, on the Meherrin, Nottoway, 
and Blackwater rivers, 276, 277. 
Tertiary, probability of the extent 
eastward of, beneath the plain of 
Norfolk and Princess Anne Cos,, 

257-259. 

Tertiary shells, Mr. Conrad on, 664. 
‘“¢ south of James river, 251. 
“subdivisions of, 16. 

“The Cause and Phenomena of 
Earthquakes,” Michell on, 632. 
Theory of the flexure and elevation 
of the strata of Appalachian chain, 

624, 
Thermal springs, see Springs. 
s springs in connection with 
the theory of volcanic agency, 577. 
Thermal springs referred to a perva- 
sive subterranean heat, 596. 

Thermal springs, temperature of, not 
dependent on superficial causes, 
579. 

Thermometer, use of, in measuring 
heights, 193. 

The tunnel, 91, 719. 


in western 
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“The Virginias,” 733. 

Titanium, 88. 

Topographical map, by Mr. 
Hotchkiss, 121. 

Topographical map, see Map. 

Topography of Appalachian chain, 
602 


Jed. 


Topography of northern portion of 
Tertiary of Virginia, 419. 
Transactions of Geological Society of 
London, 632. 
Trap, 83, 215, 303, $28, 829, 465. 
“* associated with coke, 677, 678. 
Trap, greenstone, 476, 477. 
“modifying influence of, 476. 
Traprock associated with Middle sec- 
ondary, 475, 480. 
Travertine, as a substitute for lime- 
stone in agriculture, 95, 104. 
Travertine, formation of, by streams, 
95, 104. 
Travertine j in For. IT, 172. 
= neighborhood of the 
Sweet springs, 104, 
Travertine marl, see Marl. 
Zs near Covington 
springs, 104. 
Travertine, rocky, 173. 
Tremolite, 469. 
Trenton Division, 717. 
Trias, 767, 768. 
“of Europe, 766. 
Triceratium, 734. 
a acutum, 736. 
% amblyoceros, 735. 
Marylandicum, 736, 
Trilobites, 94. 
Trough near Jennings’s gap, Little 
North mt., 181. 
Tufaceous deposit from springs at 
Snake Run mt., 588. 
Tufa of Falling Spring creek, 725. 
Turritella, 37, 387, 388, 734. 
alticosta, 37, 434, 
eo fluxionalis, 669. 
. Mortoni, 436. 
s plebeia, 434. 
is quadri-striata, 661. 
¢ ter-striata, 434, 661. 
d variabilis, 661, 662, 669. 


Hot 


Umbral limestone, 717. 
“series, 6838. 


Umbral shales, 717. 

Unconformity of certain strata in 
Azoic rocks, 769. 

Upper and Lower Mesozoic, 717. 
‘Barren Group, 717. 
“Cambrian, 717. 

“* Carboniferous, 717. 

a coal group, 498- 504, 717. 

ps - Monongalia, 504. 

“<  & on Ohio river, 513- 
519. 

Upper coal group, use of term, 485. 
$ secondary, 717. 
‘ ancient diluvium 
of, 447. 

Upper secondary, character and con- 
tents of, 442-449. 

Upper secondary, difficulty of dis- 
tinguisbing, from the surface drift, 
447, 

Upper secondary of the plain, south- 
east of the Appomattox, 448. 

Upper secondary on James and Rap- 
pahannock, 447. 

Upper secondary sandstone of Vir- 
ginia, belonging to Odlitic period, 
542, 


Upper secondary standstone of Vir- 
cinia, dipping beneath the Eocene 
Tertiary, 712. 

Upper secondary strata, variations of 
dip of, 446. 

Upper secondary strata, vegetable 
impressions in, 444, 445, 

Upper secondary, thickness of, 442, 
443. 

Upper shale and shndahane group, use 
of term, 485. 

Upper subcarboniferous shales at 
Hinton, 725, 

Utica Division, 717. 


Vegetable impressions in clay asso- 
ciated with infusorial earth, 452. 
Vegetable impressions in shales of 

coal measures, 375, 378. 
Vegetable remains in eastern coal 
field, resemblance of, to those of 
Odlite coal of Europe, 646. 
Vegetable remains in section near 
Wheeling creek, 513. 
Vegetable remains in shales of Pride- 
vale district, 690. 
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Vegetable stems, 477. 
Veins of injection, 76. 
Venericardia alticosta, 33. 
_ ascia, 387, 671. 
* planicosta, 671. 
* granulata, 434. 
Venus, 387, 734. 
“  cortinaria, 434, 663. 
“ deformis, 36, 37, 434. . 
“mercenaria, 42, 434, 
Vergent, 7177. 
Vespertine of Narrowback mt., 722. 


% series, 683. 
“ 


Water, action of, in formation of peb- 
bles, 316. 

Water, action of, on shells in marl, 
271, 2'74. 

Water, denuding action of, 831. 
“ nature of, in Miocene marl re- 
gion, 40. 


sandstone and coal, 717. . 


Water, temperature of, in coal mines, 
572. 

Waters of Pyrmont, M. loffman on, 
577. 

Weald, sections in, 641. 

Wealden of Europe, 718. 

Wealden period, 712, 718. 

Whetstone, 77, 78. 

g or indurated fire-clay for 

manufacture of bricks, 705. 

Whinstone in coal measures near 
Richmond, Va., 677. 

White sandstone, 616. 


Zamites, 646, 657. 

“ pblechnoides, 657. 

‘¢ heterophyllus, 649. 

“  obtusifolius, named, 656, 658. 
Zamites, tenuistriatus, 657. 

“ — Whitbiensis, 657. 
Zanthiopyxis oblonga, 736. 
Zoophytes, 102, 268, 


INDEX. 





Part II. 
NAMES OF PERSONS AND PLACES. 


Aaron’s creek, 489, 490, 492. 
Abb’s valley, 195, 623, 
Abbyville, 482. 
Abingdon, 294, 395, 616, 726, 728. 
Abraham’s creek, 349, 351, 354, 356, 
408. 
Acasto, M., 632. 
Accakeek creek, 423, 425, 440. 
Accomack co., 417. 
Acquiacreck; sandstone, 29, 70, 423, 
435, 440, 443, 712. 
Adie, Mr., 443. 
Aestham river, 466, 474. 
Aikin, Prof. W. E. A., 156, 191, 192, 
247, 763. 
Aix, in Provence, 577. 
Alabama, 195, 317, 602. 
“1 geological division,605,612. 
s eocene, 19. 
: lower tertiary, 14. 
Albemarle co., 77, 85, 91, 182, 247, 
285, 290, 300, 321, 413, 418. 
Albion, 429, 436. 
Alderson, 720. 
Aldie, 454, 469, 477, 478. 
“turnpike, 475. 
Alexandria, 121, 454, 474, ‘709, 721, 
423, 729. 
Alexandria and Fredericksburg cross- 
ing, 721. 
Alleghany, 719. 
Alleghany; Backbone axis, 340, 350, 
359. 
Alleghany co., 161, 178, 179, 181. 
erroneous application of 
term, 110, 111, 113. 
Alleghany; Front ridge, 183, 195, 
250, 330, 335, 339 347, 349. 
Alleghany and North mt. region; 
springs, 101, 104, 106, 107. 


Alleghany; coal, 408. 
43 mt., 26, 27, 588, 614. 


oc ac 
cc “ 


” Hampshire co., 117. 
Penn., 348, 622. 
ae Gy range, 105. 
. “rocks of, 97-111. 
Allen, Mr., 260. 
Alps, The, 639. 
Alum Spring (Rockbridge Alum), 
101, 558. 
Ambler’s, Col., 452. 
Ambler’s hil], Richmond, 733. 
Amelia co., 286. 
“ C. H., 481, 725. 
Amherst, 721. 
“ 0. 85, 87, 91, 92, 281, 290, 
296, 311. 
Amherst C. H., 481 
Anderson’s, Mr., 327. 
‘“ _ mine, 638. 
+ pit, 534. 
Andrew’s, Mr.; limestone, 806. 
Angel’s rest, 109. 
“ mt., 218. 
Anna furnace, 681, 689, 694, 701, 
702. 
Anthbony’s creek, 588. 
Appalachian axes, 625, 627, 629. 
° belt, 709. 
region west of valley, 
196. 
Applebury’s mt., 295. 
Appomattox, 727, 
mt., wrongly so called, 
290. 
Appomattox, falls of, 71. 
river, 63, 251, 261, 323, 
826, 437, 442, 448, 456, 482, 
534. 
Arago, M., 594, 
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Archer, Mr., 260. 
Archer’s creek, 304, 305, 391. 
Archershope, 150, 
Archer’s quarries, 807, 391. | 
Arney’s town, 7, 8. 
Arrington, 721. 
Arthur’s quarry, 390. 
Ashby’s gap, 456, 462. 
. “ section, 454, 623. 
Ashby ore, 692. 
Ashland, 724. 
Askerna mineral springs (note), 589. 
Atkins’s, Mr.; marl, 153. 
Atlee, 719. 
Augusta co., 27, 93, 174, 207, 529, 
604. 
Augusta springs, 101, 224, 228, 
Austin, Mr., 639. 
Austin’s run, 423, 425. 
Austinville lead mines, 726. 


Bachelor’s Hall, 321. 
Back creck, 208, 390, 613. 

“ «  mt., 161, 179, 247. 
Bacon’s Castle; marl, 48. 
Bagby’s, Mr., 153. 

Baker’s, Mr., 469, 704. 
_ Baker’s gold mine, 723. 

Balbronn, Europe; fossils, 649. 
Balcony falls, 89, 93, 167, 204, 206, 
207. . 

Bald Eagle axis, 614. 

Baldwin’s ridge, 464, 474, 475. 
Ballinger’s creek, 301. 

Balsam mt., 416. 

Baltimore, Md., 140, 709, 712. 
Baltimore and Ohio railroad, 474. 
Bannister river, 321, 326, 725. 
Baptist valley, 195. 
Barboursville, 318, 454, 473, 720. 
Barksdale, 725. 

Barn rock, 177. 

Barnett’s ford, Rapid Anne river 

461, 473. 

Barney’s, Mr., 702. 

Barnum’s, Mr., (quarries), 296, 314. 
Barr’s pits, 534, 535. 

Baruth, 654. 

Bas Boulounais, 641. 

Basset’s, Washington, 52, 54. 

Bath, 226. 

Bath Alum Springs (Brinkley’s), 559, 

723. 


Bath co., 161, 171, 177, 178, 179, 

181, 613. 

Bath Springs (Berkeley), 581, 590. 
Battersea, 457. 
Baylor’s run, 478. 
Beach creek, 445. 
Beale, Messrs., 509. 
Bealeton, 721. 
Bear creek, 361. 
“creek furnace, 367. 
“ island, 70. 
“* Knob, 208. 
Beard, Mr., 4438. 
Beatie’s drift, 702. 
Beatty’s, Mr.; coal, 366, 409. 
Beaver creek, 66, 88, 287, 297, 304, 
305, 390. 
Beaver dam, 72, 441, 719. 

‘“* Meadow basin, Penn., 618. 
Bedford co., 81, 287, 290, 294. 
Beech island, 474. 

Bee run, 363, 

Belgium ; Geological Structure, 639. 
Bell creek coal, 381, 406. 
Bellefield, 4, 80, 38, 724. 
Bellefield; section, 481, 482. 
Belle farm; marl, 48. 
Bellefonte, 614. 

Belmont, 430. 

Bent mt., 196, 482. 
Bennett’s creek, 258, 273. 
Berkeley, 55, 60, 260. 

it anthracite coal, 100. 

“ 9, 27, 99. 

“ Springs, Bath co., 581. 
Berkshire marble, 606. 
Berkshire valley, Mass., 606. 
Berks co., Penn., 622. 

Bermuda Hundred, 260. 
Bernard’s, Mr., 153. 

i Wnm.; marl, 151, 

Berthier, M., 8. 
Berthesay’s coal bank, 517. 
Berwyn mis., 638. 
Beverage’s, Mr,, 152. 
Bevil’s bridge, 482. 
Bideford, 639. 
Big Buffaloe creek, 362, 525 
* Coal hill, 697. 
““ Coal river, 526. 
“ Fort valley, 159, 174, 220, 221, 
522, 
Biggs’s mt., 589, 


810 


Big hill coal, 703. 
“* Kanawha, 506. 
“ Lick, 392. 
“ Monocacy, 474. 
“ North mt., 204. 
“ Sandy ridge, 583. 
“ Sandy river, 368, 409, 486, 498, 
504, 506, 526, 584. 
“ Sandy, valley of, 485. 
“ Sewall mt., 115, 340, 342, 378, 
405, 406. 
Big Spring, 727. 
Big and Little Timber ridges, 182. 
“ Tuckahoe creek, 483. 
“ Tunnel, 727. 
“ Yellow creek, 508. 
Billups’s, Mr.; marl, 152, 153. 
Birdsong, Henry; marl, 389. 
Bischoff, Prof., 577, 578, 579, 594. 
Bizarre Estate, 323, 327. 
Black creek, 387. 
Black Heath mines, 638, 65, 482. 
Black Heth Co., 571. 
“« _. © new shaft, 571, 573. 
Blackford, Dr., 221. 
Blackford’s furnace, 393. 
“ iron mines, 220, 240. 
“4 ore bank, Page co., 240. 
Black Log anticlinal valley, Penn., 
613. 
Black river limestone, 
585. 
Black rocks, 168. 
Blacks and Whites, 727. 
Blacksburg, 170. 
Blacksmith coal vein, 701. 
Blackwater creek, 349, 350. 
river, 387, 388. 
Blaettermann’s, Dr., 301. 
Blaky’s Col.; marl, 152. 
Bloomery, The, 896. 
Blowing Cave, Bath co., 99, 723. 
Blow, Col., 277, 388. 
Blue Ridge, 26, 72, 77, 88, 111, 134, 
156, 167, 171, 192, 195, 204, 290, 
295, 413, 440, 44°, 481, 610, 623, 
630, 709, 725, 727, 769. 
Blue Ridge, rocks of, described, 89- 
92. 
Blue Ridge ; valley slope, 197. 
e sections, 92, 454. 
“3 “Springs (Buford’s Gap 
Springs), 584. 


New York, 


Blue Stone mt., 337, 340, 3738. 
Blue Sulphur Springs, 106, 558. 
Blunt, Mrs. ; marl, 389. 
Boasman, Mr., 377, 
Bohemia, ’ Polit Scheifer or Tripoli of, 
450. 
Bolling’s bridge, 261, 268, 267. 
Bolt hill, 639. 
Bonsack’s, 727. 
Bonn, 577. 
Bond springs, 583, 590, 591. 
Booker’s mine, 75. 
Booth’s creek, 490, 491, 656. 
Booth’s, Mr., 154, 585. 
. mill, 387. 
oy Mr. George, 432. 
Booth, Prof., 712. 
Bore Auger mt., 287. 
Borodino, 422. 
Boston, 725. 

“Society of Nat. Hist., 677. 
Botetourt co., 93, 136, 208, 218. 
~ springs, 101, 222. 

Borden, Mr.; marl, 388. 
Bowers, Dr.; marl, 387, 388. 
Bowman’s hollow, 381, 382. 
Boxley’s gold mine, 723. 
Boyd, Dr. George W., 192, 247, 418, 
415, 539, 763. 
Boyd’s Hole, 436. 
Boydton, 482, 
Boyer’s mill, 496. 
“« mine, 498. 
Boykin’s, 728. 
Bracken’s Ridge, 115. 
Branam’s, Col. Phil; marl, 151. 
Branch mt., 181, 182. 
Brandonville, 409. 
a road, 363, 368. 
Brandy, 721. 
Branzburg, 352, 853, 354, 355, 405, 
407. 
Bratton’s Ridge, 99. 
Braxton’s, A.; marl, 152. 
6 Dr. Charles, 51, 52. 
- Dr. Corbin; marl, 19, 60. 
Bream’s, Mr., 381. 
> coal bank, 407. 
Bremo, 72, 78, 79. 
Brentville, 474. 
Bridge hollow, 382. 
Briery axis, 359, 362, 379. 
“« branch, 228. 


811 


Bricry mt., 360, 361, 362. 

Briggs, Mr. Oy 413, 540, 763. 
%} Capt. ” marl, 388. 

Brine Springs, 142, 

Brinkley’s Sour Spring (Bath Alum), 
559. 

Bristoe, 721. 

Bristol, 728. 

«hot wells, Eng., 577. 

Broad run, 464, 473, "723. 
trp Op coal field, 622. 

Broadwater bridge ; marl, 388. 

Broadway, 261, 442, 448, 718. 

Brock’s gap, 224, 228, 

Brogniart, M., 15, 647, 649, 650, 
651, 657. 

Brook creek, 172. 

Brooke co., 383, 486, 506. 

Brooke, Mr., 443. 

Brooke’s, 724. 

rs run, 468, 473, 474. 

Brook’s, 292, 297. 

“ “drift, 381. 
« ~ mill, 423, 425, 440. 

Brookneal, 288, 311. 

Brora Coal field, 548, 646, 649. 

Browne, Peter A., 749. 

Brown, Mr., 647. 

Brown’s gap, 89, 204. 

“« —mt., 99, 177, 584, 588. 

Brown’s ridge, 98. 

Brownstown, 720. 

Brunswick, 70. 

C. H., 481. 

Brush mt., 165. 

Brushy mt., 111, 201, 204, 219, 220, 
611, 617, 726. 
Brushy ridge, 102, 

624. 

Bryant Mr.; marl, 389. 

Buchanan, 206, 208, 212, 216, 219, 
222. 

Buchanan’s banks, 141. 

Buck creek, 441. 

Buck-horn ridge, 614. 

Buck Island creck, 301, 304, 392, 
ao7.. - 

Buckingham co., 27, 88, 125, 281, 
286, 287, 290, 991, 29 338, 311, 320, 
322, 459, 

Buckingham ; ; gold belt, 314. 

©. H., 24. 
- iron works, 78. 


109, 336, 616, 


‘Buckingham road, 483. 


Buckland, Dr., 577, 639. 
Buck, Mr., 221. 
Buckton, 728. 
Buddles, The, 140. 
Buffalo- creek, 216, 288, 307, 328, 
366, 720. 
Buffalo Lick run, 409. 
“ Ridge, 87, 88, 303. 
“ Ridge spring, 87. 
“river, 320, 322. 
Buford’s, 727. 
- gap, 206, 584. 
¢ “section, 482. 
springs (Blue Midge 
springs), 584. 
Bullenreit ; Europe, 654. 
Bull Hill, 442, 448. 
“creek; 449% 
Bull Pasture mt., 161, 162, 
613. 
Bull Run mt., 133, 184, 459, 460, 
461, 464, 475, 723. 
Bulltown, 506. 
Bumpass, 719. 
Burford’s, 721. 
Burke’s, 721. 
“« run, 388. 
Burk’s garden, 584. 
“swamp, 277. 
Burkeville, 725, 727. 
Burlington, 334. 
Burning spring, 374, 378, 506, 526. 
Burton's s, Mr., 153. 
Burwell’s bay, 46, 276. 
Burwell, Mr. ; marl, 46. 
Burwell’s Mill, 4. 
Busby’s Spring, 584. 
Butchertown ; infusoria, 452. 
Butler ore, 695. 


ce its 


178, 181, 


Cabell co., 344. 
Cabell’s, Mr. J.; 


“ 


marl, 47, 151. 
quarry, 805. 
Cacapon axis, 590. 

¥ mt., see Capon mt. 

x river, 159. 
Caermarthenshire, Wales, 638. 
Ca Ira, 312, 315, 320, 323. 
Calabrian earthquake, 6382. 
Caldwell’s mt., 204, 219, 220, 228, 
Caledonia, N, Y., 95. 

Calf Pasture river, 103, 
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Callahan’s, 105, 157, 181. 
Callie iron mine, 723, 
Calloway’s Rocks, 168. 
Cameron, 718. 
Camp mt., 218, 221, 222. 
Campbell co., 81, 88, 281, 285, 288, 
290, 291, 293, 311, 320, 390. 
Campbell C. H., 304, 482. 
“  ereek, 115, 879, 380. 
“  ereek coal, 406. 
Campbell, David, President Board of 
Public Works, 148, 190, 246. 
Canada, 603, 605. 
Capitol, The, 710. 
Capon or Cacapon Springs, 583, 590, 
591. 
Capon mt., 161, 178, 181, 581, 590. 
* Road, 718. 
_ Caradoc sandstone, 638. 
Carey’s bridge, 277. 
Carlin’s, 729. 
Carolina border, 426. 
Saprparl, 5 
“  N., 250, 254, 297, 307, 3177, 
319, 321, 388. 
Carolina, states of, 316. 
Carr, Mr., 685, 689, 700, 701. 
Carr’s run coal seam, Ohio, 498. 
Carrsville, 728. 
Carter’s Bridge, 301. 
Carter co., Tenn., 209. 
Carter’s creek, 426. 
Carter’s, H. St. L., 436. 
‘© mill, 475. 
“ — mt., 84, 461, 465. 
Cartrell’s, Mr., 527. 
Carvin’s cove, 222. 
Carver’s, Reuben, 87. 
Cascade village, 821, 324, 
Castle Hill, 216. 
Catawba coal, 100, 136. 
“creek, 228, 394, 617. 
“¢ furnace, 222, 229, 
“iron works, 220. 
“so mt., 97, 99,°118; 165,169, 
219, 223, 611, 725. 
Catlett’s, 721. 
Catoctin, 134, 
Catskill mts., 603, 609. 
Cedar creek, 94, 181, 586, 718, 
a “valley, 583, 591, 
Af “works, 530. 
“grove, 393, 


Cedar run, 474. 

Central, 727. 

Centre co., Penn., 618. 

Centreville, 474. 

Chalk Level, 322, 325. 

Chancellor’s, 132. 

Chantilly cliffs, 420, 429. 

“  ” creek, 428. 

Chapman’s ferry, 213, 217. 

Charles City, 156. 

Charles City co., 156. 

Charleston, 116, 118, 342, 344, 373, 
879, 382, 383, 485, 506, 720, 

Charlestown, 170, 172, 215, 718, 

Charlotte C. he 289, 329, 326, 480. 

> section, 481, 482, 
. co., 281. 
“  JAinecsie 

Charlottesville, 24, 88, 295, 300, 466, 
719, 721. 

Chatham, 722. 

Cheat mt., 117, 201, 339, 340. 
“river, 335, 360, 363, 365, 868, 
370, 409, 488, 491, 506, 682. 

Chericoke, 52. 

Cherry Point, 431. 

Cherrystone creek, 322. 

Chesapeake bay, 25, 89, 121, 733. 

Chesapeake and Ohio Canal, 216. 

Cheshire, Eng., 112, 113. 

Chester, 724. 

“« gap; section, 454. 

Chesterfield, 27, 68, 66, 69, 414, 718. 

3 C. H., 483. 
s co., 63, 69, 70, 125, 131, 
156, 261, 
Chesterfield; coal, 480. 
s coal basin, 446, 533, 534, 
* depot, 442. 
© turnpike, 482. 
Chestnut ridge, 528, 584, 622, 
‘oa, 621, 
‘ +: Penn., 368, 383, 

Chestnut’s store, 321. 

Chevallie, J. A., Esq., 565. 

Chickahominy river, 30, 446, 484, 
665. 


Chili; earthquakes, 635. 
Childer’s, Mr., 377. 

Chilton’s plantation, 305. . 
Chimney rocks, 216, 223. 
Chingoteague creek, 128, 421. 
Chinquapin run, 388, 
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Chipoak’s, 150. 

" creek, 259, 386. 
Chissel, Col., 88. 
Chopawamsic creck, 441. 
Chowan river; section, 121. 
Christian, Dr. R.; marl, 47. 

rs Mr. Robert, 47. 
Christian’s creek, 174, 303. 
Christiansburg, 111, 170, 727. 
Chuckatuck, 269, 276. 

§ mill, 155, 286. 
Church hill, Richmond; 

451. 
Church Road, 727. 
Cincinnati, 517. 
City Point, 29, 55, 260, 448, 449, 
666. 
Clarksburg, 117, 243, 384, 401. 

«“ coal, 410, 485, 498. 

i limestone, 499. 
Clarksburg or Morgantown seam, 541. 
Clark’s gap, 729. 

Clarksville, 482. 
Clear’s furnace, 571. 
Clellan ore, 692. 
Clement’s ford, 307. 
Clemson, Mr., 647. 
Clermont, 155, 386. 
Cliff rock, Cheat, 687. 
Clifton, 721. 
“ forge, 583, 587, 724. 
Clinch mt., 620, 726. 
“axis, 620. 
a arrives} 602, 605. 
Clinton furnace, 696. 
“group, 618. 
Cloverdale furnace, 208, 222. 
Clover forest road, 323. 
Cloverland, 133. 
Coal creek, Kanawha, 526. 
Coalbrook dale, 534. 
Coalburg, 720. 
Coal river, 117, 524. 
“ run, 100, 514. 
Cobb’s, 448. 
“ creek, 442, 
Cobham, 719, 721. 
Cockle-shell branch, 432. 
Cock’s, Mrs.; marl, 156. 
Coggin’s Point, 17, 28, 55, 155, 156, 
260, 389, 666, 668. 
Col. Ambler’s hill, 
fusoria, 451. 


infusoria, 


Richmond; in- 


Colchester, 441. 

Cole’s, John, 690, 694. 
“Point, 429. 
“ (Sam) mine, 690. 

Coles, Tucker, Esq., 86, 295, 297. 


Colesville, 483. 


College creek, 155, 386. 

“ mill; marl, 34, 35. 
Collierstown, 221. 

Collin’s ferry, 288. 

“ore, 698, 700. 

“¢ ore banks, 703. 
Columbia, 24, 71, 72, 77, 288, 289, 

454, 456. 
Columbian College, 710, 712. 
Combe-Martin, 639. 
Competition ; section, 322, 482. 
Concord, 727. 

“ meeting house, 441. 
Connecticut valley, 317, 636. 
Conrad, Mr., 12, 14, 664, “666, 668,669. 
Conybeare, ev. Mr. 7 57, 750. 
Cook’s mill, 326. 

Coomb’s property, 699. 
Cooper’s mt., 228. 

Corbell’s, Col.; marl, 155, 386. 
Cornwall, Wales, 638. 


' Cotopaxi works, 208. 


Cotton Hill, 374, 720. 

Courthouse creek bridge, 153. 
Covan, Mr. Johnson, 354, 

Cove mt.; section, 624. 

Covesville, 721. 

Covington, 97, 102, 104, 219, 614, 

119, 724, 725. 

Covington; section, 24. 
Cowherd’s, Colby; limestone, 520. 
Cowpasture hills, 99, 181. 

s. river, 179, 723. 
Cowper’s, Mr.; marl, 154, 386. 
Cox’s (Mr.), mine, 534, 

Cox and Hannah’s coal, 407. 
Crab-bottom, 174. 
‘ valley, 171, 174, 176, 

612. 

Crab creek, 519. 

= creek, Md., 348. 

“ Orchard road, 863, 367, 368. 
Crabtree - 349, 
Craigsville, 719. 

Crane, Mr., 365. 
Crawford’s mt., 217, 219, 225, 228, 

394, 
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Creek pit, 538, 570. 
Cresap’s, Mr. ; coal, 410. 
Crimson sulphur spring, 524. 
Cripple creek, 139, 726. 
Crocker’s, Major; marl, 155, 386. 
Crooked creek, Point Pleasant, 525. 
“run, 474. 
Crosswick’s creek, 7. 
Crouch’s lower shaft, 535. 
e mine, 63. 
Crowe’s, 105. 
Crump, Mr. B.; marl, 47. 
Culpeper, 721. 


“ “co., 125, 182, 183, 317, 825, 


468. 
Culpeper C. H., 454, 473, 474, 478. 
Cumberland, 121, 612. 


7 co., 69, 73, 281, 284, 


289, 320, 323. 
Cumberland ©. H., 312, 315, 326. 

“2 secticn, 480, 481. 

x gap, 531. 

43 Md., 347. 

“ — mt., 195, 603, 629. 

4 valley, Penn., 603, 622 
Cunningham, Mr , 357. 
Curratoman, 47. 

ne river, 426, 430. 
Cutch, geology of, 647, 656. 
Cuvier, M., 15. 

Cyclopean towers, 216. 
Cypress creek, 276. 


Dagger’s Spring (Dibbrell’s), 561. 
Dallas river, 321. 
Dan mt., 336, 348, 349. 
“ river, 321, 322, 324, 725. 
* river, No. !718. 
Danville, 289, 322, 722, 725 
Darst’s, 207. 
Darwin, 632, 634, 
Daubeny, Dr., 577, 578, 589, 594. 
Davy, 554. 
Davy’s mt., 115. 
Day’s, Mr. H.; marl, 153, 385. 


Day’s Point, 154, 258, 269, 272, 276, 


385. 
Dean, Mr., 80. 


Decker’s creek, 486, 488, 490, 493, 


503, 506, 571, 696. 
Deem’s coal, 406. 
Deep Bottom; marl, 156. 
at James river, 449. 


Deep Hole, 262, 442. 
Hollow creek, 409. 
if run, 366, 367. 
“river; coal rocks, 718. 
“* run; coal basin, 446, 535. 
“* Run church, 484, 
Se SS opts wea 
“« Shaft mine, 68. 
De la Bache, Sir H., 637, 638. 
Delaplane, 723. 
Delaware and Chesapeake canal, 6. 
Delaware; geological division, "604, 
609. 
Delaware river, 8, 631, 711. 
Deposit mine, 75. 


| Devil’s Backbone, 176. 


Devonshire, 638. 
Dibbrell’s spring 
390, 395, 561. 

Dickson’s sulphur spring, 561. 
Difficult creek, 349, 351, 359, 463. 
Dippe; springs, 579. 
Dillenburg, 640. 
Dinwiddie C. H.; 
Dispatch, 726. 
Disputanta, 727. 
Dittoway branch of Jones’s ercek, 
483. 
Dogwood ridge, 115. 
Dolomieu, M., 632. 
Donally (Reynolds and Donally), 380, 
381. 
Dora coal mines, 722. 
Douglas’s; marl, 155, 386. 
Dover church, 483. 
“« mill, on Little river, 469. 
Downing’s, Mr. §.; marl, 151. 


(Dagger’s), 225, 


section, 481. 


; Dranesville, 463, 473, 476. 


Draper’s mt., 165, 196, 219, 223, 727. 
“valley, 223, 584. 
Drew, Benj., 388. 
Drewry’s Bluff, 724. 
Dry creek, 323, 482. 
“ Fork, 722. 
“« “Cheat river, 325, 335, 349, 
350. 
Dry river gap, 182. 

‘** run basin, 481. 

“ Run gap, 769. 

** Seneca creek, Md., 474. 
Dromagh coalficld, Ireland, 639. 
Dublin, 727. 

Ducatel, Prof., 19. 
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Dumfries; section, 441, 454. 
Dumont, M., 637, 639. 
Dumpling island, 154, 586. 
Duncan, Judge, 401. 

Dunkard’s creek, 503..- 

Dunlap’s creek, Monroe co., 521. 
Duprez’s bridge, 277. 

Duval’s, Mr. ; marl, 153. 

Duval creek, ore beds, 690, 694. 
Dyer’s mill, 301, 391. 


Eagle’s nest, 436. 
Eastern or Potomac basin, 349, 
351. 
East River mt., 588, 593, 629, 725. 
Eastern Virginia, 5, 8, 49, 96, 649. 
Ebbing spring, 585, 7 23, 
Eclipse rock, Pridevale, 698, 703. 
Edinburg, 7 is, 
Edmundson, 216. 
Edmondson’s spring, Augusta co., 
563, 
Edmonson’s big spring, 584. 
Edwards’s, Mr.; marl, 153. 
Edwinton, Mr., 443. 
Ehrenburg, Prof., 439, 735. 
Eifel limestone, 640. 
Fight mile island, 518. 
Eighteen mile creek, 518, 525, 582. 
Elie de Beaumont, M., 622. 
Elk creek, 390, 392, 528. 
“ creek Iron M., Co., 302. 
“ Garden, 354, 355. 
“ Island creek, 302, 305, 311. 
“ river, 346, 379, 527. 
“ run, 474. 
Elkton, 474, 478. 
Ellet’s, Mr. ; marl, 153. 
Elmington, 721. 
Ely, Mrs., 387. 
Elizabeth City co., 155, 272. 
Elizabeth river, 251. 
Emmet, Prof., 89. 
Emmons, Prof, 606. 
English (Warth and English), 407. 
Eppes’s falls, 482. 
Essex C0., 31, 153. 
Etna furnace, 222. 
Evansville, 363. 
Evergreen, 55, 155, 
668. 
Everlie’s mill, 361, 397. 
Evington, 721. 





260, 889, 666, 


Faber’s, 721. 
Fairfax, 454, 479, 721. 
Fairfax co., 459, 463. 
Fairfax, Col., 365, 400, 408. 
Fairfax’s stone, 348. 
Fair Oaks, 726. 
Fall creek, 722. 

“ Hill mt., 295, 296. 


Falling creek; section, 322, 441, 
481, 482. 
Falling spring, 104, 581, 585. 
ac 


creek, 725. 

valley, 248, 614. 
“river, 528, 312. 

Fall’s church, 729. 

Falmouth, 69, 441. 

Farmville, 315, 318, 320, 322, 725, 
727, 

Farmwell, 729 

Farra’s island, 442, 448. 

Faulcon’s, Mrs.; marl, 155, 386. 

Fauntleroy, T. W.; marls, 46. 

Fauquier co., 125, 134, 287, 317, 
325, 459, 468. 

Faure’s coal bank, 382, 407. 

“ salt furnace, 282. 
Fayette co., 184, 195, 248, 406. 
Field’s creek, 369. 

Fincastle, 206, 216, 228, 895. 
Findlay’s mt., 295, 313. 
Finney, Capt., 534. 
Fish Hall, 726. 
Fishing creek, 121, 392, 505. 
«” Ohio riv er, 553. 

raeeeiltt 719. 
Fitton, Dr., 637, 640, 641. 
Fitzgerald, 321. 
Fitzhugh, Mr., 443. 
Flanigan’s settlement, 351. 
Flat creek, 306, 307, 391. 

‘¢ swamp, 269, 277. 

“ Top mt., 195, 248, 541, 584. 
Flournoy’s, 318, 827. 

* coal pit, 322. 

Flowing spring, 172. 
Floyd co., 168, 171, 173, 196, 209, 

218. 
Floyd, Governor John, 749. 
Fluvanna co., 74, 78, 80, 125, 321, 

418. 
Folly, The, 86, 88, 281. 
Folly mine, 297. 
Forbes, Prof., 577, 579. 


“ if 


816 


Ford’s, 727. 

Forest, 727. 

Forge, "The, 103. 

Fork meeting-house, 478. 
Fork mt., 614. 

Forman’s plantation, 397. 

- Robert; coal, 409. 
Forrer’s bank, Page co., 529. 
Fort Defiance, 718. 

“ Lewis mt., 196, 219, 222, 
725. 
Fortress Monroe, 725, 733, 735. 
Fort mt. synclinal, 723. 
“ Spring, 720. 
“valleys, 174. 
“Washington, 14. 
Four Mile tree ; marl, 155, 386. 
Fox Creek gap, 769. 
Fox’s, Mr., 52, 54, 574. 
France, 136. 
Franklin, 297, 387, 388, 728. 

« — “¢0., 26, 88, 290, 807, 312. 
Freeman’s ford, 474. 

“ (Mr.) landing, 509. 
Freestone Point, 440. 

Frederick co., 27, 95, 99, 104, 174. 

Fredericksburg, 7, 17, 69, 80, 125, 
131, 423, 440, 454, 712, 718, 
724, 

Frederick Hall, 719. 

Frederickton, Penn., 508. 

French Garden, Richmond ; infusoria, 
451, 452. 

Friend, Welsh and Co.’s mines, 527. 

Friend, Mr., 381. 

Front ridge of Alleghany, 623. 

Front Royal, 723. 

Frostsburg, Penn., 348. 

Fry, Mr., 378. 

Fulk’s, John; marl, 152. 

Funks, Mr. ; marble, 12, 13. 


Gainesville, 723. 

Galbraith’s, springs near, 584. 

Gallahorn, Mr., 443. 

Gallipolis, 334, 518. 

Galt, Dickie ; marl, 47. 

Gap, The, 165. 
“ spring, 581, 585. 

Garden mt., 219, 589. 

Gardner, Dr., on mineral springs, 
577 


Garland, Mr., 301. 


623, 


Garrett’s, Mr. R.; marl, 48. 

Gary’s, 728, 

Gauley mt., 115. 

Gauley river, 117, 377. 

Gee, Col. ; marl, 389. 

Germanna ford, 132, 454, 474, 

Gemonvel ; fossils, 649, 

Genesee ; geological division, 717. 

Genito road, 482, 483. 

George creek, 322, 325, 379, 380. 

George’s, Mr. Warner, 151. 

Georgetown, 464, 474, 479, 709. 

Georgia, 316. 

Gerardstown, 226. 

German settlement ; iron, 360. 

Germantown, 478. 

Gibson’s vein; limestone, 519. 

Giles co., 162, 165, 184, 196, 218, 
394, 7 28, 

Gill, Mr., 635. 

Gilmer, Thomas W., Prest. — of 
Public Works, 412, 

Gish’s, 727. 

Glade ‘creek, 307. 
“* spring, 728. 

Gloucester C, H., 153. 

e co., 48, 46, 152. 
Goblintown creek, 307, $12. 
Goldsby’s fall, 829. 

Goochland CO., 27, 61, 71, 125, 180, 
247, 261, 414, 478, 
Goochland ©, HH, 66. 

“ coal, 480, 534, 

Good, Mr. John Mason, 753. 

Goodall’s, 441. 

Goode’s bridge, 483. 

Goodwin’s, W. H.; marl, 155, 386. 

Goose creek, 297, 307, 469, 473, 
477. 

Gooseman’s bridge, 487. 

Gordonsville, 85, 800, 465, 520, 719, 
421. 

Goshen, 719. 
os ’Pass, 728. 

Governor’s Hill, Richmond, 50. 

Governor st., Richmond ; infusoria, 
452. 

Graham’s, Mr., 216, 217. 

* ’pank, Wythe co., 529. 

4 land, 189. 

. station, 518. 

Grand creek, Kanawha, 526, 
Grant, Capt. O. a3 647, 656. — 
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Granville, 498. 

Grassy Hill, 297. 

Grave creek, 517. 

Grayson co., 110, 121, 126, 139, 196, 
416. 

Gray’s mill, 423, 440. 

Greaner’s, Mr. , Richmond; infusoria, 
452. 

Great Bridge, 257. 
“ Flat Top mt., 113, 337, 373. 
«Kanawha coal, 117, 484. 
“¢ Kanawha river, 117, 121, 248, 
330, 344, 373, 414, 485, 498. 

Great Kanawha; salt wells, 118. 
“ and Little Kanawha valley,118. 
“¢ Levels, 339. 

“ North mt., 97, 176, 225, 590. 

‘¢ Shenandoah mt., 159, 181. 
“ Willis river, 323. 

Greenbrier co., 161, 181, 184, 195, 
201, 248, 336, 341. 

Greenbrier mt., 27, 113, 195, 248, 
337. 

Greenbrier river, 108, 118, 181, 184, 
336, 372. 

Green bottom, 519. 

Greenhole pit, 570, 573. 

o shaft, 533. 

Green mt., 86, 285, 293, 295, 465. 
“« mts., Vermont, 602. 
“« Spring, Louisa, 459. 
se “gap, 225, 226, 
_ “  Tands, 286. 

Greensville co., ‘70, 248, 389. 

a June., 724. 

Greenville furnace, 370. 

Greenway, 288, 294, 303, 305, 390. 

Greenwood, 719. 

Gregory’s gap, 769. 

Grenville works, 401, 402. 

Gresham’s, Mr.; marl, 153. 

Grey Sulphur Springs, 106, 109, 394, 
560 


Gribblo, Mr., 369. 

Griffin, Major T.; marl, 48. 

Griffith, Mr., 639. 

Ground Squirrel bridge, So. Anna 
river, 446. 

Guilford, 729. 

Guinea, 724. 

Gum Camp run, 368, 397. 

Gum Spring iron ore, 686. 

Guyandotte, 344, 505, 518, 519, 720. 

35 


Guyandotte; section, 24, 121. 


e river, 121, 195, 415, 510, 
527, 
Haco’s land, 699. j 
Hagan’s, Mr.; coal, 367, 399, 409. 
Haines and Snake-den group of ores, 
693, 700. 
Haines ore, 693, 694, 
Hailey’s, Capt. ; marl, 152. 
Haiburne, G. B, 649. 
Halfway, 724. 
Halifax co., 281, 288, 320. 
“  C. H., 289, 480, 482. 
Halltown, 718. 
Hamilton, 729. 
Hamilton, Mr., on structure in Ire- 
land, 6389. 
Hamilton Place, Nicholas co., 532. 
Hamilton; geological division, 717. 
Hamilton’s knob, 228. 
Hampden Sidney College, 322. 
Hampshire co., 117, 163, 184, 195, 
330, 336, 347. 
Hampshire coal basin, 407. 
furnace, 395. 
Hampstead, 52. 
Hampton, marl, 155. 
i Roads; section, 24. 
Hancock, Col., 811, 528. 
Hancock’s quarry, 392, 
Handsford, Mr, Morris, 377, 378, 
Hanging Rocks, 179. 
Hanna coal, see Hannah. 
Hannah’s, Cox and, 407. 
Hanover co., 50, 51, 61. 
“road, Richmond ; infusoria, 452, 
BG: TET 
‘¢  seetion, 454. 
Hansford’s coal seam, 406. 
Happy creek, 7238, 
Hardware river, 79, 295. 
Hardy coal basin, 366, 407. 
Hardy co., 125, 161, ‘147, 181, 195, 
248, 330, 336, 347, 350. 
Hare, Dr., 589. 
Harlan, Dr. R., 753 
Harper’s Ferry, 92, 
521, 522, 718, 769. 
Harrison co., 248, 344, 
Harrison, Mr. Wm.; marl, 47. 
Harrison’s, Mr., 327. 
3 mill; marl, 389. 


170, 204, 454, 
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Harrisonburg, 718, 722. 

* section, 24. 
Harris’s Branch, 288, 303. 
Harrogate mineral springs, 589. 
Harry’s swamp, 262. 
Hartman, Mich’l., 367. 
Hartman’s iron ore, 404, 
Hartz mts., 640. 

Harvey’s, Mr., 353, 381. 
Hastie’s, Mr., 698, 699. 
Hat creek, 312. 

Hawk’s Nest, 720. 
Haycock’s Spring, 583. 
Hayden, Dr., 307. 


“ “Mr. Chas. B., 113, 149, 156, 


191, 413, 763. 
Haymarket, 723. 
Hazel run, 441. 


Healing Springs (Sweet Alum), 581, 


724, 
Hedgeman’s river, 474. 
Hedgesville, 225, 
Hedley’s, Mr., 152. 
Heder Springs; Germany, 579. 
Helderberg strata, 636. 
Hendricks, Mrs., 323, 327. 
Henkle, Dr., 212. 
Henry Clay furnace, 371, 488, 681, 
685, 687, 704. 
Henry cO., 291, 307, 320. 
Gee C. a 297 
Henrico, 718. 


“ " e0., 50, 61, 125, 130, 156, 


261, 414. 
Henrico co., 
534, 535. 

Hering, Mr., 387. 
Herndon, 729. 

“ creek, 360. 
Herring creek, 156, 260. 
Hervey, Mr., 375, 376, 532. 
Heth’s (Col)., deep shaft, 533. 
Heth, Potts and Co., 533. 
Hewitt, Mr., 508. 
Hickerson’s, 474. 

Hick’s ford, 262. 
Higgins, Mr., 365, 366, 
Hight Point, 440. 
Highlands, The, N. Y., 603. 
High Whitby, Eng., 649. 
Hill’s, Capt., 52. 

“~~ Robert, 153. 
Hinton, 720. 





coal basin, 446, 480, 


Hitchcock, Prof., 605, 606, Bo 
Hite’s mill, 172. 
Hoer; - Germany, 653. 
Hoffman, 577. 
Hogsback, The, 641. 
Holleman, Joel ; marl, 46. 
Hollow run, 403. 
Hollidaysburg, 614. - 
Holston; geological division, 604, 
611, 623. 
Holston mts., 206. 
“« ~~ region, 620. 
‘e« “river, 112, 142, "21%; Da2, 
602, 604, 620, 726. 
Holston river, north fork, 179, 199. 
«south fork, 416. 
“ salt region, 112. 
«valley, 140, 142, 177, 178. 
Hoosic mt., Mass., 606. 
Hooton’s, 362, 
Hopewell creek, 527. 
Hopkins, Mr., 637, 640, 641. 
Horner’s, 306. 
(Dr.) estate, 469. 
Horse rocks, 338. 
Hotchkiss, Mr. Jed., 121, 769. 
Hot springs, 104, 555, 585, '724. 
“ .S yalley to 
House mt., 196, 218, 220. 
Howard’s creek, 108, 115, 183. 
* Lick, Hardy co., 561. 


‘| Hoy’s run, Md., 361. 


Huddleston’s, Mr., 374, 375. 
Hudson, N. Y., 636. 
« “river, 603, 606, 610. 
“« river ; geological division, 
603, 609, 717. 
Hughes’s coal banks, 407. 
“ creek, 874, 376, 377. 
« river, 117. 
Hull’s creek, 433. 
Humboldt’s observations in Mexico, 
569. 
Humphreys, Gen. A, A., 733. 
Humphrey’s spring, 551. 
Hundsruck mt. chain, 640. 
Hunt, Dr. T. §., 769. 
Hunter’s, Mr. ; marl, 153. 
Hunter’s, 729. 
Huntersville, 183, 336, 584. 
Hunting camp creek, 584, 
Huntington, 720, 
Hunting Quarter, 253, 278. 
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Hurricane, 720. 
Hutton, Dr., 647, 651, 654. 


Ice’s ferry, 506. 
Illinois, 317. 
Indiana Coal Basins, 317. 
Indiana co., Penn., 622. 
Ireland, Geology of southern, 639. 
Irving’s, Mr. R. ; 
Iron mt., 163, 164, 204, 206, 530. 
Isabella furnace, 2177. 
Isle of Wight co., 46, 153, 248, 385. 
Isle of Wight, Eng,, 641. 
Ivy, Mr., 277, 388. 
Ivy, 7 19. 
“ creek, 301. 
Ivey, Mr., see Ivy. 
Ivor, 727. 


Jack’s mt., 176, 297, 620. 
S Penn., 613, 618, 620. 
¢ ti flexure, 621. 
Jackson co., 344, 510. 
Jackson, Dr. Charles T., 605. 
Jackson’s mt., axis, 614. 


$5 river, 101, 102, 179, 583, 


614, 719, 723. 
Jacksonville, 501, 502, 503. 
Jamaica, 632. 
James City; marl, 11, 43. 

«  &" “¢0., 82, 40, 46, 155. 


James river, 4, 12, 17, 48, 204, 262, 
269, 276, 288, 297, 320, 384, 414, 
434, 449, 456, 467, 481, 534, 616, 


711, 725. 


James river canal, 138, 295, 314, 


318, 390, 456, 
James river; coke, 677. 
at “gap, 769. 

“ “ 
611. 
James river, lower falls, 150. 
“section, 454, 

Jarratt’s, 724. 
Jefferson, President, 751. 
Jefferson, 466. 

= co., 95, 104. 
Jeffries’s, R. O.; marl, 151. 
Jenkins’s lime kiln, 397. 
Jennings’s creek, 206. 

“ gap, 181, 225, 221. 

is gap road, 563. 
Jeremie’s Kun, 769. 


limestone, 306, 391. 


geological division, 604, 


Jerusalem, 887. 
Jesse’s, Mr. ; marl, 47. 
Johnny cake creek, 249, 855, 356, 
John’s creek mt., 726. 
Jones, A. C., 386. 
Jones’s, A. C.; marl, 155. 
“« Dr, 151, 430. 

Jones’s mill; marl, 152. 
Jones, Mr. C.; marl, 47. 
Jones’s plantation, 38. 
Jones, Walter ; marl, 46. 
Jordan’s furnace, 102, 243. 
Jordan’s, Mr. 8. P.; marl, 154, 385. 
Jordan springs, 579, 
Junction, 724. 
Juniata ; geological division, 604,610, 

620. 
Juniata region, 624. 

Ww eriver,:601. 

Jura mts. ; strata, 639. 

‘“* limestone, 649. 


Kanawha co., 118, 148, 344. 
2 falls, 720. 
& river, 116, 342, 377, 388, 
406, 518. 
Kanawha valley, 116, 250, 872. 
Kayser’s, 101, 108, 724. 

Me springs, 583, 585, 592, 594. 
Keeling’s, Mr., 154, 385, 386. 
Keeny’s Knobs, 873. 
Keezletown, 158, 174, 209, 220. 
Keller’s, see Kelley’s. 

‘“*  ereek, see Kelley’s, 
Kelley’s, 374, 877, 406. 

“  ereek, 378, 531. 

‘¢ ore bank, 239. 

Kelso, Mr., 365. 

Kell’s mt., 221. 

Kenagay’s iron furnace, 530. 

Kent, Eng., 641. 

Kentucky, 195, 214, 231, 333. 
be line, 486. 

Kernstown, 718. 

Kerr’s run, 505, 510, 517. 

Keswick, 719, 721. 

Keysville, 725. 

Kilmarnock, 433. 

Kimberling fork, 584. 

King’s creek, 509. 

“mill, 4, 35, 46, 155, 663. 

“river, 320, 

“ salt well, 142, 
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King’s tavern, 320, 
King and Queen co., 153. 
King George co., 152, 419, 670. 
King William co., 50, 153. 
Kingwood coal basin, 362, 3868, 409. 
‘3 ferry, 365. 
é road, 371. 
Kishicoquillas valley, Penn., 613. 
Kittoctin creek, 469. 
4 mt., 456, 459, 460, 461, 
475. 
Kitzmiller’s ; coal, 355, 408. 
Knobly axis, 613. 
“  mt., 161, 176, 178, 181, 348, 
612, 620. 
Knoxville, 604. 
iL geological division, 605, 
611. 
Koenig, M., 648. 
Kurdsville, 323, 326. 


Lacher See, 579. 

Lackland tavern, 327. 

Lahn, The, Germany, 649. 

Lake Champlain, 601, 603, 605. 

Lancaster co., 47, 151, 419, 430, 

« ’ Penn., 610. 
C. H., 432, 

Lankester, Dr., 589. 

Laurel Hill, 201, 248, 320, 340, 362, 
368, 371, 485, 490, 506, 682, 698, 
702. 

Laurel Hill axis, 370, 414, 621. 

Lawrence, Mr.; marl, 387. 

Lawn’s creek, 150. 

Lawson’s (Mr. ) opening, 527. 

Lawyer’s Road, 721. 

Lea, Mr., 668, 

Leacock, 387, 

Leading creek, Ohio river, 498, 517. 

Leaksville, N. C., 318, 321, 324. 

Lee, Richard Henry, 429. 

Lee co., 165, 195, 216. 

Lee’s mt., 294, 307, 

Leesburg, 472, 474, 476, 729. 

Leesville, 294, 297, 307, 390. 

Lehigh river, 604. 

Letart’s falls, 334. 

Lewisburg, 105, 108, 116, 
336. 

Lewisburg valley, 115. 

Lewis co., 344. 

Lewistown valley, Penn., 618. 


136, 185, 


Lewis, Mr. Charles; coal, 518. 
“« Mr. John, 526. 
“© Mr. Samuel, 413, 539. 
Lexington, 102, 212, 214, 219, 225. 
section, 24. 
Liberty, 206, 297, 482, 7277. 
“* .. road, 392. 
Licking creek, 305. 
«run, 478. 
Lick mt., 196, 219, 223. 

‘* Mountain range, 726, 
Ligon’s, 297. 
Ligontown, 

481. 
Limestone ercek, 467, 475. 

i place, 301, 

cs run, 392, 

§: spring, 584. 
Linden, 723. 
Lindley, Dr., 647, 651, 654. 
Lindsay, 324, 719, 721. 
Lindsay’s, Capt., 300. 
Linton, 639. 
Linville, 718. 
Lisbon earthquake, 632, 634. 
Little Beaver river, Penn. ; section, 

504, 505, 507. 

Little Buffaloe, Kanawha ; limestone, 

325. 

Little Falling river, 288. 

“ Falls run, 423, 440. 

“ Fort mt., 395. : 

“Fort valley, 159, 174, 221, 241. 

«Juniata river, 614. 

‘¢ Kanawha river, 121, 414, 485, 

498, 506. 

Little Kanawha valley, 117, 121. 
Levels, 337. 

: Lickinghole creek, 66. 

* Monocacy, 474, 

“  mt., 587, 588. 

“North mt., 27, 97, 100, 201, 

215, 219, 224, "998, 584, 590, (611, 

616, 623, 723. 

Little North mt. ; limestone, 524. 
“ ¢ oriiee 396. 
“river, 442, 445. 469, 
Sandy creek, 362. 
Seneca creek, Maryland, 474. 

“* Sewall mt., 115, 196, 372, 405. 

Littletown, 4, 36. 
Little Timber ridge, 182. 
“ Tuckahoe creek, 488. 


Appomattox ; section, 
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Little Walker’s mt., 165. 
“ Warm Spring mt., 103, 585. 
“Willis river, 323. 
Liverpool, on Ohio, 508. 
Llandeilo flags, 638. 
Locke’s tavern, 170. 
Logan C. H., 527. 
Lonaconing, Md., 408. 
¢ Penn., 348. 
Long Branch, 440. 
“creek, 442. 
“ island, Staunton river, 322. 
“  mt., 481. 
Loudoun co., 132, 134, 214, 468. 
. Louisa, 719. 
“  eo., 61, 74, 78, 125, 247, 
286. 
Louisa ©, H., 454. 
“ road, 300. 
Louisville, Ky., 214, 231. 
Lovingston, 313, 481, 721. 
Lower Bee run, 370. 
“ —Machodoe, 429. 
“Virginia, 3, 5, 11. 
Lowerre’s, Mr., 445. 
Low Moor iron mine, 723. 
Lucado, 721. 
Lucca, waters at, 554. 
Luckett’s, (Mr.) quarry, 469. 
Lunenberg, 286. 
“« “©. H., 481. 
Luray, 126, 215, 220, 221. 
Luzerne co., Penn., 622. 
Lyell, Mr., 16, 39, 577, 632, 666. 
Lynch’s, 722. 
Lynchburg, 81, 86, 88, 132, 287, 
291, 297, 306, 320, 721, "217, 
Lynchburg June., 721. 


Machodoc river, 429. 
Machadox run; marl, 152, 
Mack’s mt., 206. 

“run, 164. 
Maclure, Prof., 645. 
Macdonald’s coal, 408. 
Macfarlane, James., 733. 
Madison’s cave, 723. 
Madison, 721. 
M‘Afee’s knob, 219, 222. 
Makefree, 276. 
Maidenhead, 533. 
Main st., Richmond; infusoria, 452. 
Malvern hills, Eng., 638, 


Manassas, 721, 723. 
ss gap, 196, 769. 
Manchester crossing, 724. 
Manikintown ferry road, 483. 
Mann’s, Mr.; marl, 153, 
Margaretsville, 728, 
Marietta, 334. 
Marion, 728. 
Markham, 723, 
Marsden’s, 559. 
Marshall, 728. 
. co., 510, 
“Mr. J.; marl, 47. 
Marsh run, Rappahannock, 468, 474, 
Martin group of ores, 685, 687, 700, 
704, | 
Martin, Mr., 637. 
Martin’s, J.; coal, 409. 
Martin’s, 727. 
Martinsburg, 170. 
Martinsville, 307. 
Maryland, 5, 159, 195, 218, 254, 317, 
348, 359, ‘420, "712, "718, 
Mason cO., ‘244. 
Mason’s cove, 222. 
Mason’s, Mr., 389, 422. 
“John Y.; marl, 154, 385. 
Massachusetts, 602. 
Massanutten mts., 92, 158, 174, 196, 
212, 215, 218, 390, 722. 
Massanutten valleys, 174, 
Massaponax river, 423, 424, 440, 
444, 
Massenburg’s hill, 387. 
Mathews co., 152. 
Mathias point, 128, 421, 435, 436, 
Matlock, Eng., 577. 
Mattapony river, 56, 58, 150. 
Maurertown, 718. 
Max Meadows, 727. 
Maycox; marl, 156. 
Maysville, 312, 314, 481. 
M’Call’s quarry, 141. 
McClenna’s bridge, 269, 2'76. 
McClure, Mr., 26. 
McHenry’s thermal spring, 562, 581. 
Mclvor’s, 721. 
McKelvy, Mr., 686. 
Meadow branch, 227, 423, 440, 
\- mt., 109, 115, 372, 
Meadows, The, 297. 
Mechaniesville, 463. 
Mechum river, 719, 
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Mechump creek, 300, 467. 

Mechunk creek, 80, 81, 82. 

Meherrin river, 251, 256, 269, 277, 
388, 481, 725. 

Mecklenburg, 286. 

Menager, Mr., 519. 

Mercer co., 196, 248, 372. 

Merryweather bridge, 84, 85. 

Mexico, 569. 

M’Gaheysville, 174, 220. 

Michael’s coal, 408. 

Michael’s (Wills and Michael’s pit), 

571, 573. 

Michell, Mr., 632, 633, 
Michigan, 722. 
Micle, Mr., 356. 
Middle basin, 349, 356. 
fork of Potomac, 348, 

“ island, Ohio river, 503. 

mt. 158; 

“Mountain belt, 610. 

“river; Cheat, 702. 

‘* run; Cheat, 685, 690. 
Middlesex co., 44, 47, 130, 152. 
Middletown, 718. 

Midland, 721. 
Midlothian mine, 69. 
se new shaft, 571, 572, 573. 
“pit, 64, 69. 
Miffling co., Penn., 618. 
Milford, 584, 724. 
Millboro, 719. 
#2 sulphur spring, 99. 
Miller’s furnace, 530. 
Mill creek; Cheat, 350. 
os ihe coal, 406, 
Eaeet Jackson co., Penn., 505. 
Milligan’s creek, 109. 
Millington, Mr., 10. 
Mill mt., 98, 102, 248, 585, 590, 592, 
594. 
Mill mt. spring, 583. 
Mills’s mines, 64. 
Mills and Reid’s creek pit, 533, 570, 

573. 

Millwood, 215. 
Milton, 720. 
Minor’s, Dr.; marl, 153. 
Mississippi river, 6, 167, 317. 
Missouri, 317. 
Mitchell’s, 721. 

a ford, 132. 
Mitchell’s, Mr. ; coal, 518. 


| Montgomery co., 


2 


Mohawk river, New York, 602. 
Molly’s creek, Campbell co., 322, 
Monmouth co., N. J., 119. 
Monocacy river, Maryland, 475. 
Monongahela river, 344, 364, 414, 
491, 494, 503: 
Monongahela valley, 117, 370, 486, 
498, 503, 610. 
Monongalia co., 330, 344, 368. 
os ’ Penn., 248, - 
4 coal basin, 117, 408. 
7 glades, 369. 
Monroe co., 161, 181, 185, 196, 201, 
248, 269, 277, 887, 872, 887. 
94, 99, 126, 186, 
139, 160, 170, 196, 209, 216, 218, 
Montgomery co., Maryland, 463. 
Montour’s ridge, Penn., 620, 
Montpelier, 465, 467, 473. 
Monumental church, Richmond; in- 
fusoria, 451, 452. 


| Moon’s, Mr. J. D., 301. 


Moorefield, 125, 132. | 
Moorfield, old road, 249, 
Moore, Mr., 698. 
Moravian Town, 722. 
Morgan co., 161. 

“. ford, ‘290. 
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| Morgantown, 348, 367, 384, 410, 491, 


498, 506. 
Morgantown coal, 485. 
a road, 371, 697. 
Morton’s coal, 409, 
Morton, Dr., 70. 
Morton mill, 327. 
Morton’s mine, 75. 
Mossy creek, 94, ¢7, 217, 580. 
Motley’s, Mr., 153. 
Mountain creek, 468, 474. 
4! lake, 726. 
“ run, 132, 462. 

Mount Pleasant, 30. 
Mount Jackson, 718. 
Mt. Vernon, 360, 440, 441, 

“ Airy, 326. 

“ Carmel, 399. 

* Carmel basin, 359. - 

“ Crawford, 392. 

“ Meridian mills, 94. 

“ Poney, 479. - 

“ Stuart, 436. 

“ Torrey, 168, 207, 208. 
Muddy creek, 861, 868, 365, 867. 
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Muddy creek mt., 27, 109, 528. 
“ run, 466, 474. 

Mullica Hill, 7. 

Murchison, Sir R., 577, 637, 640, 647, 
648. 

Murray, Mr. Daniel, 215. 

Murrell’s, Mr., 366. 

Musquito Point, 431. 


Nansemond co., 154, 248, 385. 


is river, 150, 154, 251, 256, 


269, 273, 276, 386. 
Nap’s creek, 177. 

Kf “ spring, 584. 
Narrowback mt., 228, 722. 
Nassau thermal springs, 577. 
National road, 514. 

“ Penn., 362, 367. 
Natural Bridge, 205, "216, "925, 
Navy Yard, 710. 
Neabsco creek, 441. 
Neal’s, Mr.; marl, 153. 
Negro mt., 359, 361. 
“«  & “axis, 621. 


Nelson co., 85, 88, 92, 281, 285, 290, 


294, 296, 320, 390. 
Nelson’s (Mr.) estate, 469. 
Neuewelt, Germany, 653. 
Nevil’s (Mr.) estate, 356. 
Newark, 463. 

New Baltimore, 475. 
Newbern, 223. 
New Brunswick, 319. 


New Canton, 78, 80, 287, 802, 311, 


528. 
Newcastle, 51, 52, 54. 
New Creek mt., 161. 

creek, 354, 

: Ezypt, q 9. 

“ Fork church, 442, 

“ Found river, 442. 

“ Glasgow, 721. 

“ Jersey, 87, 195, 254, 286, 317, 

602, 608, 712. 
New Jersey greensand, 3, 6, 59. 

‘¢ limestone, 94, 

“ Kent co.; marl, 43, 46. 

“London, 297, 482, 

“ Market, 82, 


196, 217, 372, 604, 726. 
Newsom’s, 728. 


126, 170, 172, 212, 
220, 294, 302, 442, 474, 522, 718. 
New river, 109, 116, 121, 139, 166. 


New York, 161, 197, 200, 214. 
Nichol’s, Mr., 516. 
Nicholson’s mill; marl, 387, 
Nippenose valley, 614. 
Nittany valley, 614. 
Nixon’s, Mr., 52. 
Noel, 719. 
Nokesville, 721. 
Noland’s ferry, 4 
Norfolk, 727. 
“  "co., 248, 255, 256. 
Norris group of ores, 691. 
“coal vein, 701,705. 
North Anna river, 25, 29, 437, 440, 
445, 
North branch of Potomac, 359. 
Northbury, 28, 51, 52. 
North Carolina, sl, 261. 
§ eocene, 58. 
S i line, 121, 
“ Danville, 722. 
Northern Neck, 126, 130, 419, 426. 
North Fork mt., 161, 176, 178, 181. 
“Garden, 721. 
Northamptom co,, 417. 
North Holston valley, 140. 
North mt., 27, 86, 92, 97, 101, 111, 
219, 226, 616, 719. 
North river, 938, 214, 216, 723. 
Northumberland cO., 152, 419, 432. 
Cr He 432, 
Northwest turnpike, near Winches- 
ter; limestone, 522, 523. 
Nottoway, 728. 
“« "QO. HL, 481, 727. 
a river, 251, 256, 261, 273, 
277, 387. 
Nottoway swamp, 253, 278, 887. 
Nova Scotia, 319. 
Nowlan’s, 322. 
Noyes, Rand and Co.’s coal, 380, 406. 
Nuttall, Mr., 647. 


472, 473. 


Oaks’s, D.; marl, 152. 
Oaks, Mr., 130. 
Oatland mills, 469, 475. 
Occoquan creck, 441. 
Ohio, 247, 250, 317, 333. 
“ river, 115, 121, 191, 250, 330, 
344, 374, 383. 
“ river; section, 506. 
“ valley, 114, 332, 419, 486, 503. 
Oldtown creek, 518, 
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Oliphant’s furnace, 698. 
Oliver’s coal seam, 407. 
4 ¥.; marl,16s. 
Opequon, 172. 
Opossum creek, 287, 304, 392. 
Orange co., 74, 81, 85, 125, 182, 318, 
441. 
Orange, 721. 

“OC. H., 467, 473, 520. 
Organ’s, Mr.; marl, 155, 156, 386. 
Organ cave, 108. 

Osborne’s ferry, James wie se 
Otter river, 306, 307, 391, 7 

Owens creek, 294, 308. 

Oxford, Eng. ; clay, 649, 


Pacham, Maj; marl, 389. 

Pader ; springs, 579. 

Paddy’s cove, 584. 
«“"  mt., 584, 590, 591, 

Paddytown, 348. 

Pagan creek, 150, 251, 257, 269, 272, 
276. 

Page co., 167, 173, 204, 207, 210, 215, 
521. 

Pallisades, 317. 


Palmer’s Col. ; marl, 151. 
4 Mr., 431. 
“ Mrs. ; marl, 151. 


Pamplin’s, 727. 
Pamunkey river, 17, 28, 48, 57, 417, 
422. 
Pannel’s bridge, 322. 
“* mill; 326. 
Pannill, Mr., 468. 
Panther gap, 583, 587, 7238. 
Paris, 454. 
basin, 16, 17, 19. 
Paris and Wood’s coai bank, 406. 
Parke, Mr., 422. 
Parkersburg, 332, 344. 
on Ohio, 485, 
Park’s mill, 217. 
Paspitansy creek, 435. 
oe hills, 420. 
Patrick, Mr., 381. 
Patrick CO., "26, 110, 121, 290, ae 
312. 
Patrick, C. H., 297. 
Pattonsburg, 344, 
Patterson’s creek, 395. 
: “ mt., 161, 178, 181. 
Patteson’s quarry, 296, 313, 314. 


Patuxent river, Md., 725. 
Peachy’s (Dr.) estate, 47. 
Peak creek, 224. 
Peaked knob of Draper’s mt., 165. 

“  Mt., 98, 158, 178, 175, 196. 
Peaks of Otter, 206, 416. 
Peak, The, 158, 174. 
Pearce’s furnace, 584. 

“* . spring, 584, 591. 

Pearisburg, 109. 
Pedin’s, James ; marl, 154, 385. 
Pegram, W. H.; marl, 388. 
Pendleton co., 161, 163, 171, 176, 

181, 195, 335, 604, 612. 
Peninsula, The, 25, 37, 39, 55, 125, 

128, 180, 421, 488, 434, 733. 
Pennsboro’, 614. 
Pennsylvania, 74, 134, 161, 175, 184, 

195, 317, 332, 347, 359, 362, 369, 

383. 
Pennsylvania anthracite, 100. 

3 limestone, 94, 
3 line, 486. 


Penola, 724. 


Perrow’s, Capt., 390. 
es Stephen, 305. 

Persill’s, Mr. R.; marl, 152. 

Peter’s bridge, 277. 

Petersburg, 70, 80, 251, 261, 350, 
362, 418, 437, 440, 448, 456, 481, 
724, 727. 

Petersburg and Bevil’s bridge road, 
482. 

Petersburg and Roanoke railroad, 
481. 

Peter’s mt., 85, 109, 111, 176, 394, 
587, 593, 614, 623, 629, 719, 725. 

Peters’s mt. axis, 623. 

Philadelphia, 10, 670, '709. 

Phillips’s, Mr. ; marl, 155, 386. 

Phillips, Prof., 68, 647, 649, 651, 656. 

Piedmont, 153. 

Pigeon creek, 527. 

Pigg river, 297. 

Pigsborough creek, 302. 

Pilot Mt., 163, 171, 206. 

Pine Barren, 9. 

Piney Swamp country, 360, 361, 362. 

Pipe creek, Ohio river, 510, 517. 

Piping tree, on Pamunkey, 17, 19, 
52, 667. 

Pittsburg, Penn., 117, 343, 485, 498, 
506. 
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Pittsylvania co., 281, 290, 320. 
i turnpike, 306. 
Plains, 723. 
Pleasant gap, 322. 
x Hill, 724. 
Ps Valley, 718. 
Pocahontas co., 161, 177, 181, 195, 
201, 248, 336, 341, 372. 
Pocosin, 38. 
Pocotalico creek ; coal, 485, 498, 499. 
Pointer’s, Mr. ; marl, 152. 
Point Lookout gap, 769. 
Point Pleasant, Mason co., 332, 414, 
485, 518, 525. 
Pollard’s, Mr. ; ; marl, 153, 
Pomeroy’ S landing, Ohio river, 517. 
+ seam, Ohio, 334, 498, 519. 
Pond mt., 464, 475, 723. 
Poor house, Richmond; 
445, 451, 
Poor mts., 206. 
“ Valley mt., 728. 
* “ ridge, 531, 726. 
Poplar camp furnace, 139, 209, 530. 
es mat, 139, 163, 196, 203, 
206, 623, 726. 
Poplar run, 473. 
“swamp, N: J., 119. 
Port Republic, 217. 
Port Royal, 17, 56, 436, 667. 
Portsmouth, 259, 334, 728. 
st Ohio, 505, 519. 
Port Walthall junc., 724. 
Potomac cr., 7, 423, 435, 441, 444. 
“ geological division, 604, 610, 


infusoria, 


Potomac; marble, 86, 133, 472. 
= river, 12, 17, 48, 117, 125, 
179, 196, 204, 336, 348, 352, 418, 
429, 440, 454, 474, 601, 711, 722. 

Potomac river ; limestone, 469. 

“ ~ coal basin; iron, 343, 

“* lower falls, 24. 

2) run, 724. 

- south branch, 176, 179, 612. 
Potts (Heth, Potts and Co.), 533. 
Potts creek mt., 723. 

= mt., 726. 
Pottsville coal field, 614. 
Pounce’s tract road, 483. 
Pounding mill, 390. 
vr ‘creek, 302. 
Powell's creek, 259, 262. 


| Powhatan, 481, 725. 


a co., 27, 125, 261, 414. 
a coal, 480, 533, 534. 
Prentice’s, Mr.; marl, 155, 389. 
Presl, M., 656. 
Preston axes, Penn., 368. 
“basin, Penn., 368. 
‘* coal basin, 408. 
“  @0., 859, 862, 369. 
Preston’s salt well, 142. 
x" spring, 564. 
Pretlow, Jos.; marl, 387, 
Robt., 387. 
Price, Mr., 365. 

Price’s, Mr.; coal, 409. 
Price’s mt., 229, 230, 392. 
fs road, North ‘mt. ; 

523. 
Pricket’s creek, 491. 
Pridevale Iron Co., 681. 
4 coal, 701. 
Prince Edward co., 27, 69, 281, 284, 
289, 318, 320, 325. 
Prince Edward C. H., 315, 327, 480, 
481. 
Prince George co., 47, 51, 155, 251, 
262, 389, 662. 
Prince William co., 132, 317, 459. 
Princess Anne co., 255, 257. 
Prop’s Gap mt., 161, 162, 178. 
Prospect, 727. 
Prospect Hill creek ; marl, 152. 
Pruntytown, 410, 
Pughtown, 226. 
Purbeck, 641. 
Purcellville, 729. 
Purdie’s, G.; marl, 154, 385. 
Purgatory mt.; 196, 206, 218, 221, 
241. 
Pyrenees ; thermals, 589. 
Pyrmont springs, 577. 


; limestone, 


Quantico, 724. 
se creek, 440. 
Quarry branch, 306. 
« ” hill, 684. 
“ run, Cheat, 371, 685, 686, 
704. 


.| Quebec; geological division, 722. 


Quinnimont, 720, 


Raccoon creek, 253, 273. 
“ ford, 461, 478, 479. 
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Ragged mt., 88, 295. 
«Point, 430. 
Raine’s tavern, 323, 326. 
Rand (Noyes, Rand and Co.), 380, 406. 
Randolph’s, Capt. Thomas M., 534. 
Randolph co., 184, 201, 248, 335, 
350, 417, 604. 
Rappahannock, 721. 
Rappahannock cliffs, 127, 430. 


z Col, 132, 133. 
i mt., 461, 465, 466. 
re river, 7, ri, 48, 125, 


130, 417, 421, 433, 440, 456, 460. 
Rappahannock, north fork, 474. 
Rapidan river, see Rapid Anne. 
Rapid Anne river, 132, 184, 461, 467, 

473, 520, 721. 

Rattlesnake creek, 320, 322. 
Raven rocks, 491, 684, 704. _ 
Rawley springs, 101, 228, 559, 722. 
Rawlings, Mr., 467. 
Rawlings’ quarry, 520. 

Read creek, see Recd. 

Reams, 724. 

Rectortown, 723. 

Red creek, 349, 351. 
Redfield, Mr., 647, 658. 

Red Hill, 721. 

“« House shoals, Kanawha, 532, 

“springs, 107, 588. 

“ Sulphur springs, 106, 109, 552. 
Reed creek, 189, 240, 529, 628. 
Reeve'’s, Mr.; marl, 389, 

Reid bridge, 322, 326. 
Reid’s creek, 3238. 
Reid’s (Mills and Reid’s ereek pit), 

533, 570, 573. 

Rennet- bag creek, 88. 
Retreat, 52. 

“furnace, 222. 
Reynolds and Donally, 380. 
Reynolds’s quarry, 138, 169. 
Rhenish provinces, The, 640. 
Rhine creek, 360. 

Rhodes’ gap, 24. 

Rhodoheaver, Mr., 368. 

Rice’s, 72'7. 

Riceville, 321, 322, 326. 

Rice’s, Walter; marl, 152. 
Richland, 724. 

Richmond, 50, 66, 69, 79, 116, 194, 

251, 280, 800, 489, 442, 449, 454, 

566, 650, 709, 711, 719. 
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Richmond co., 127, 151, 419, 430. 

Richmond, Fredericksburg and Poto- 
mac Junction, 719,725. 

Richmond, old road, 304. 

ii tunnel, 726. 

Rich mt., 614. 

Rich Patch mt., 101, 102, 103. 
- “« ~ anticlinal, 719. 
se > - valley, 723. 
“Valley, 393. 

Ridgway, 482. 

Ridgway, Mr. Thomas §., 413, 540. 

Ridley’s, Maj. ; marl, 887, 388. 

Ringgold, 725. 

Rivanna river, 84, 289, 465. 

River station, 723, 

Hib biI. 
“pit mine, 64. 

Rives’s quarry, 392. 

Roane’s, William H., 52, 54, 60. 

Roanoke, 725, 727. 

= co., 209, 216. 
«river, 482, 584, 623, 711. 

Roaring creek, 361. 

“puny BO5> F238: 

Roberts, Capt., 468. 

Roberts’s mill ; marl, 152. 

Robertson, Wyndham, President of 
Board of Public Works, 124, 

Robertson river, 461, 473, 474. 

Robins’s Mill; marl, 152. 

Robinson’s, Capt. Jas.; marl, 151. 

Rockbridge co., 27, 79, 93, 95, 138, 
209. 

Rockbridge Alum Spring (Alum 
Spring), 558, 723. 

Rockbridge baths (Strickler’s spring), 
584, 

Rocketts, 442, 448. 

Rockfish, 721. 

“gap, 89, 91, 206, 462. 
“river, 295, 801, 313, 318. 

Rockingham o., 93, 183, 207, 213. 

Rock Point, Appomattox river, 448. 

Rocks, The, 154, 385. 

Rocky mt., 307, 312, 482. 
ig Point, 442, 

“run, 315. 

Rogers, Prof. H. D., 39, 59, 86, 100, 
119, 134, 166, 191, 317, 338, 362, 
586, 647, 

Rogers, Prof, J. B., 156, 191, 248, 
845, 413, 539, 565. 
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Rogers, R. E., 763. Sawyer’s, Mr., 139. 

« ” Prof. W. B., 22, 124, 588, | Scarborough, Eng., 653. 

733, 736, 769. Schaeffer’s, Mr., 360. 
Rogers’s coal seam, 405. Scioto valley, 332. 

. mill, 399, 492. Scotland, Great Britain, 136. 
Roll’s, Mrs., 425. Scotland Banks, 153. 

Romney, 179, 623. Scott co., 165, 201, 2138, 216. 
Ronceverte, 720. Scottsburg, 725, 
Rose, Prof. H., 10, 39, 359, 362. Scotts creck, 307, 
Ross’s furnace, 88, 304, 311, 392, mill, 276, 306. 
527. “ore, 696. 
Ross iron ore, 686. “pit, 535, 
Round Hill, 729. “ run, 871, 486, 494, 498, 500, 
Rowan’s, Dr.; marl, 152. 502, 508. 
Rucker’s run, 295, 313. Scottsville, 85, 182, 291, 293, 301, 
Ruffin, N. C., 425. 320, 463, 467. 
Ruffin, Mr. Edmund, 15, 17, 19, 666. Scrabble creek, 374, 877. 
Ruffin’ s, Mrs., 52, b4. Me "coal, 406. 
Ruffner, Daniel, 382, 407, Seaboard, 728. 

Pueicmr: Lewis, 380, 406. Seaport’s (Mr.) land, 369. 
Rural Retreat, 727. “© coal, 409. 
Russell co., 139, 165, 195, 216, 337. | Sedgwick, Prof., 637, 640, 720. 

~pge i, 530, Seigen, Germany, 640. 

Russia, 637. Selby’ s Port, 362, 367. 
Rutherfoord, John, President Board Sena a road, 363. 

of Public Works, 538. Semple’s, Dr. ; marl, 47, 
Ruther Glen, 724. . ; Judge ; marl, 4, 46. 
Ryder’s creek; section, 375, 876, | Sencea creck, 184. 

377. ‘ “6 Md., 474. 
Ryland’s, Mr. ; marl, 153. Sewell Mts., 118, 248. 

Sewall’s Point, 252. 
Salem, 727. Seybert, Mr., 8. 
Salina ; geological division, 717. Shadwell, 721. 
Salling’s mt., 204, 205. Shannondale springs, 101, Bas 
Salt Lick, 360. Shaw’ s ridge, 182, 
“ Pond mt., 109, 726. Shawsville, 727. 
“ Sulphur springs, 106, 108, 109, | Sheet’s Hollow, 701, 704, 

550. Shenandoah, 718. 

Saltville, 726. 60,5427, 9955 178,176; 
Sampson’s mill, 483. 210, 228. 

Sandford, Mrs., 463. Shenandoah Iron Works, 207. 
Sandy and Beaver canal, 508. Me mt., 182, 183. 

Sandy bridge, 369. ss river, 196, 204. 

“ford, 323. " river, Page co., 522. 

“ mt., 181. ‘ valley, 92. 

“ river, 195, 415, 484. Shepherdstown, 93, 138, 169. 
Sappony creek, 483. quarries, 215. 
Saunders’s, Judge, 306, 391. Shillingberger, Mr., 355. 
Saunder’s, Mr. ; ; marl, 151, 153, 154, | Shirley, 260. 

385. Shockoe creek, 442, 450. 
Savage mt., 348, 349, 350. “ hill, Richmond; infusoria, 

24 river, 348, 32 , 355, 407. 450, 451, 452, 735. 


Sawratown, N, C., 321, Short Hill, 456, 611, 628. 
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Short Hill mt., 196, 209, 218, 221. 
“ore, 240. 
Shreeve’s, Col., 477. 
Shrewsbury, 7. 
Shrewsbury, Col. Joel, 378, 379. 
: Mr. William, 380. 
Shumate’s, 478. 
Sideling hill, 719. 
Sigler’s mine, 408. 
Silliman, Prof., 650, 657. 
Simmons gap, 168. 
Sims’s (Mr.) slate quarry, 79. 
Sindree earthquake, 635, 
Singing cave, 108. 
Sinking creek, 336, 339. 
“valley, 614. 
Skinquarter creek, 483. 
Slade, Mr. I., 192, 413, 415, 540, 763. 
Slate river, 79, 314. 
Sleepy creek, 99. 
“w” «© mt, 226. 
“hole ferry, 154, 156, 258, 269, 
386. 
Sliding hill, 513, 517, 518. 
Smith, Christian, 399. 
“ "Mr, C., 361. 
“Capt. ; marl;-47. 
“  Maj., 306. 
“  M., 889. 
Smithfield, 12, 218, 269, 276, 362, 
368, 664. 
Smith’s mt., 307. 
“point, 420. 
“ river, 321, 324. 
Smither’s creek, 375, 377. 
S coal bank, 407. 
Smoky or Unaka mts., Tenn., 602. 
Smyth co., 126, 139, 209. 
TUR: Ee 
Snake-den ores, 693, 694, 700. 
Snake Run mt., 587, 588. 
“ “-springs, 581. 
Snickers gap, 769. 
Snow creek, 424, 440. 
Snowy creek, 360, 361. 
Snyder’s mill, 364, 365, 366. 
Soldiers’ Home, 710. 
Sour Spring, at White Sulphur, 559. 
South America ; earthquakes, 632. 
South Anna river, 25, 29, 63, 300, 
4317, 441. 
South Branch mt., 161, 179, 181. 
South downs, Eng., 641. 


Southampton co., 248, 277, 387. 


South mt., 608, 610, 


“  “ ~ Berks co., Penn. ; section, 


622. 
South river, 95, 208, 215, 723. 
Southwest mt., 62, 72, 77, 81, 87, 
285, 455, 458, 460, 465, 473, 719. 
Spottsylvania co., 74, 125, 423, 424. 
Springfield, 721. 
“ coal pits, 446. 
Springfield and Deep run coal basin, 
483. 
Springhill furnace, 695. 
’Sprise Hill, 420, 483. 
Spruce ridge, 349. 
Stafford co., 129, 132, 419, 423. 
“C,H, 424, 488, 441. 
Stag creek, 441, 445. 
Stage road, Shenandoah co.; lime- 
stone, 521, 523, 
St. Albans, 720. 
Stamping creek, 337. 
Stanardsville, 454, 473. 
Staunton, 138, 174, 216, 718, 719. 
. river, 288, 307, 311, 322, 
482, 722, 
Steinbergen, Gen.; coal, 518. 
Stephens city, 718. 
Stephens, Dr., 305, 
Stephenson’s, 718. 
Sternberg, M., 647, 649, 651, 654, 657. 
Steubenville, Ohio, 506. 
Stevensburg, 454, 474, 478, 479. 
Stevens’s creek, 302. 
Stewart’s knob, 312. 
Stifft, 577. 
Still House branch, 423, 440. 
“  ereek, 463. 
Stillwell’s, Mr., 699. 
Stith’s, 155, 386. 
Stith, Mr. D.; marl, 48. 
Stithes’, see Stith’s. 
St. Lawrence river, 601. 
St. Leger farm, 482. 
St. Mary’s river, Md., 664. 
Stockton’s coal, 376, 378, 406. 
os steam mill; section, 375, 
381. 
Stone Coal gap, 394. 
Stone, Mr., 443. 
Stone mt., 195. 
«run, 212. 
Stonesfield limestone, 649. 
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Stonehenge, 533. 
Stoney Man, 134, 205. 
“ Point, Blue Ridge, 464. 
“ river, 349, 356, 358, 408. 
Sr eran) 361. 
Stonewall creek, 304, 311, 392, 527. 
“ mills, 86, 87, 88. 
Stony creek, 614, 724. 
Strasburg, 94, 158, 172,, 215, 217, 
220, 723. 
Strasburg Junction, 718, 723. 
Stratford cliffs, 151, 420, 428, 433, 
691. 
Stratford group of ores, 689, 691, 
700. 
Strickler’s gap, 225, 584, 723. 
7 spring (Rockbridge bath), 
584, 
Strouble’s run, 111, 136, 229, 726. 
Stuart, Maj., 172. 
Studtgard ; fossils, 649, 650. 
Suffolk, 12, 154, 3886, 664, 1727, 
728. 
Suffolk co , 252, 256, 258, 269, 276. 
Sugar hills, 591. 
Sugarland creck, 476. 
Summerduck creek, 468. 
Summers’ (Judge), bank, 526. 
Summit, 726. 
Sunderlandshire, 646. 
Sunfish creek, Ohio river, 513. 
Surrey co., 30, 42, 47, 155, 248, 251, 
277, 386, 672. 
Surrey hills, 641. 
Susquehanna ; geological division, 
604, 610, 617, 622. 
Susquehanna river, Penn., 602. 
Sussex co., 248, 277, 388. 
Suttonsville, 541. 
Swan’s, Mr. James; coal, 518. 
Sweet Hall, 726. 
Sweet springs, 104, 107, 111, 229, 
521, 588, 725. 
Sweet Alum springs, 581, 586. 
“ Chalybeate, see Sweet springs, 
Monroe co. 
Sweet Springs, Alleghany co., 553, 
581. 
Sweet Springs, Bath co., 565. 
“Springs, Monroe co., 552. 
«  $pring mt., 105, 587, 623. 
“ $prings valley, 104, 106, 181, 
578, 587, 592, 615, 725. 





Swift island, 302. - 
Swift creek, 482, 483. 
“* run gap, 1384, 205, 454, 456, 
462, ; 
Swisher iron ore, 693, 701. 
Swoope, 719. 
Swope’s knobs, 725. 
Sycamore, 722. 
- creck, 297, 307. 
Sypole run, 865, 367. 


Taconic mt., 606. 
Talcott, 720. 
Taliaferro, Dr.; marl, 46. 
is Mr. Francis, 444. 

Tarbay, 17, 55, 60, 155, 260, 389. 
Tardy, Capt., 307, 391. 
Taunus mts., 640. 
Taylor, Mr. Richard C., 645, 647. 
Taylor’s copper mine, 87. 
Taylorsville, 445, 724. 
Taylortown, 469. 
Tazewell, Littleton W., Pres. Board 

of Public Works, 22. 
Tazewell co., 165, 195, 216, 337. 
Temple’s, 724. 
Ten Mile cr., Kanawha, 518, 524. 
Tennessee, 195, 206, 209, 317, 333, 

602, 608, 728. 
Tennessee line, 135, 616. 
Terrapin creek, 387. 

zt swamp, 387. 

Teutoberges-wald, 579. 
The Bloomary, Capon mt., 531. 
The Horseshoe, 350, 
The Neck, 126, 130. 
The Peninsula, 421, 425, 427, 434. 
The Pyrenees, 577. 
The Two Pointers (mts.), 395. 
Third Hill mt., 226, 227. 
Thom’s creek, 136, 490. 
Thornton, 729. 
Thornton’s gap, 168, 205, 454, 462. 
Thoroughfare, 723. 


gap, 464, 475. 
% hill, 880. 
a hollow, 879. 


Thrashly’s farm, 424. 
Three Chopped road, 483. 
“creek, 253, 278, 2'77. 
“ Fork creek, 364, 369. 
RS “ hill, 364. 
“Mile creek, Kanawha, 527. 
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Three Topped mt., 158. 

Thurman, M., 639. 

Thurston’s, Mr.; marl, 152. 

Thurston’s, Mrs. ; marl, 47. 

Tilgate limestone, 649. 

Tinker’s mt., 196, 219, 222, 725. 

Tinder’s gold mine, 723. 

Todd’s, Mr. Merit; marl, 154, 385. 
“quarry, 520. 

Tolersville, 719. 

Tomlin’s, Braxton; marl, 151. 

Tomlin, W., Esq., 483. 

Tomlin’s, Walker, 52, 54, 60. 

- Williamson; marl, 151. 
Tomlinson’s run, 509. 

Tom’s brook, 718. 

“ creek, 229, 726. 
Tour Hill, 723. 
Townhill, 182. 
Town Point; marl, 154, 385. 
Torbay, see Tarbay. 
Tower Hill, see Tour Hill. 
Towson, Mr., 443. 
Traa fork, 527. 
Trabue’s pits, 131. 
Trap Dyke, 392. 
Traveller’s Rest, 301. 
Tribbet’s mill, 497. 
Triple Fork, gold mine, 723. 
Triplett, Mr., 73. 
Troost, Prof., 611. 
Tuckahoe, 66. 

¥ coal basin, 455, 

» creek, 63, 64, 68, 483. 
Tucker, Prof.; limestone, 306, 307. 
Tumbling run, 172, 

Tunstall’s, 726. 

Turkey river, 474. 

Turk’s gap, 24, 89, 168, 204, 462, 769. 

Turner’s mill, 452, 

Tuscaloosa, 605. 

Tutwiler’s, 108. 

Twelve Pole creek, Ohio river, 511. 

Twenty Mile creek, 377. 

Two Mile creek, Kanawha; _lime- 
stone, 524, 526. 

Tye river; marble, 81, 83, 302, 318, 
721. 

Tye River gap, 206, 312, 481, 769. 

Tygart’s Valley river, 117, 364, 

Tyler co., 334, 510. 

Tyler’s creek, Kanawha; limestone, 
525. 


Tyree’s coal bed, 406. 
Tyson, Prof., 712. 


Ullah Bund, 635. 

Unaka mts., see Smoky mts. 
Union, 109, 524, 623. 
Union Hall; marl, 48. 

“iron works, 312. 

“mills; marl, 151, 463. 

“ mine, 65,75. 
Uniontown, 108, 109, 360, 861, 485. 
United States arsenal, 482. 
University of Virginia, 22, 89, 186. 
Upper Chipoke creek, 155, 
Urbanna, 47. 

Urquhart, Mr.; marl, 388, 
Utt ore, 694. 


Valley, The, 24, 27, 110, 112, 116, 
195, 204, 211, 224, 299, 297, 587, 
608, 624, 722, 726. 

Valley, The ; boundaries, 203. 

“« furnace, 404. 
“« river, 506. 

Vandiver, Mr., 355. 

Vandover’s, Mr.; coal, 354, 408. 

Van-Lew’s, Mr., Richmond; infu- 
soria, 452. 

Van Meter’s, Mr. ; coal, 354. 

Variety Mills, 88, 314. 

Vaucluse, 718. 

Vestal’s gap, 769.. 

Vicat, M., 230. 

Vienna, 729. 

Vineyard hill coal, 382, 383. 

“ ** section, 379. 


Wade’s, Mr.; marl, 47. 
“* coal bank, 500. 
Wadesville, 718. 
Wakefield, 155, 886, 72’. 
Nisist. Great Britain, 29, 136, 637, 
22. 
Walker, Mr., 88. 
Walker’s, Mr. Benj., 151, 432. 
““  ereek, 141, 179, 584, 624. 
- “ valley, 140. 
“ ford, 301, 304, 
“mt.” 111 
204, 726, 
Walker’s Valley springs, 584. 
Wallace’s (Mr.) quarries, 443. 
‘i mill, 441, 
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Wall’s, Mr., 369. 
“«  (Mr.) coal, 410, 
“  pridge, 387. 

Wallers Mill; marl, 35. 

Walton, W. S., 326, 327. 

Walton’s gold mine, 723. 

Ward’s, Mr., 306. 

Wardensville, 584. 

Ward’s springs, 722. 

Wardour, Vale of, Eng., 641. 

Warehouse creek, 152. 

Warminster, 81, 82, 86, 301, 802, 
314, 320, 390, 467, 481. 

Warm springs, 557, 565, 580, 585, 
586, 723, 724. 

Warm Springs anticlinal, 719. 
" creek, 586. 
. y mt., 99, 103, 161, 176, 
181, 586, 724. 

Warm and Hot Springs, anticlinal 
valley, 614, 719. 

Warm Sulphur springs, see Warm 
springs. 

Warm Spring ridge, 590. 
“‘ §prings valley, 99, 101, 106, 
171, 174, 176, 181, 592. 

Warren, 329. 

Warrenton, 454, 460, 465, 474, 478. 

© June., 721. 

Warth and English’s coal, 407. 

Warwick’s Mt. gap, 295. 

Warwick co., 155. 

Washington, D. C., 70, 86, 448, 709, 
711, 724. 

Washington co., 126, 209, 216, 219, 
225, 229. 

Washington co., Penn., 506. 

Waterford, 639. 

Water Lick, 723. 

Watery mt., 465. 

Waterloo shaft, 535. 

Watsontown, 583. 

Waverley, 727. 

Waynesborough, 216, 394, 719. 

Wealden district, 641. 

Weaver, Mr. Thomas, 637, 639. 

Webb’s, Conrad; marl, 60. 

Weegee creek, Ohio river, 510, 518, 
517. 

Weldon, 724, 728. 

% N. C.; section, 482. 

Wells, Mr. M., 540. 

 Mr., 494, 


Wells, Samuel, Esq., 733, 784, 735. 
Wellsville, 727. 
% on the Ohio ; section, 508. 
7 ferry, 508. 
Welsh (Friend, Welsh and Co.’s 
mines), 527. 
Western branch, 269. 
“ coal basin, 358. 
Westernport, Md., 196, 336, 337, 848, 
352, 408. 
Westernport, Penn., 348. 
Western Sussex, Eng., 641. 
West Laurel hill, 621. 
Westmoreland co., 151, 419. 
Westphalia, Europe, 640. 
West Point, 726. 
Wethered, Mr., 469. 
Weyer’s Cave, 94, 215, 723. 
Wheeling, 117, 343, 501, 512, 516.: 
Ms coal seam, 401, 485, 498. 
¢ creek, 512, 513. 
hill, 514. 
Whipping creek, 288. 
Whispering creek, 312. 
Whitby, Eng., 646, 649, 653. 
White Day creek, 490, 491. 
White House, 726. 
Whitehurst, on waters of Matlock, 
577. 
White mts., New Hampshire, 601. 
White Oak creek, 321, 325. 
“ & mt., 821, 325, $26, 373. 
“ Plains, 172, 469. 
White’s gap, 769. 
White’s, Mr. ; marl, 154, 385. 


| White Sulphur springs, 24, 105, 106, 


ey 1838, 460, 550, 578, 581, 588, 
20. 
White Thorn creek, 322. 
bh “« tavern, 322. 
Whitetop mt. gap, 769. 
Whitely, Mr., 468. 
Whitley’s quarry ; limestone, 519. 
Whittle’s, 722. 
Wickham’s, Mr.; coal, 52, 55, 68. 
«“ “« Wm., 55. 
Wigmore lake, 638. 
Wilkesbarre ; fossils, 650. 
Wilmington, Del., 712. 
William and Mary College, 3, 7, 9. 
Williamsburg, 4, 13, 30, 35, 40, 661, 
662, 663, 669. 
Williamson, Mr., 655, 
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Willoughby’s Point, 252. 
Will’s creek, 347. 
‘f ‘¢ mt. .axis, Penn., 347, 
613, 620, . 
Wills’s pit, 533. 
Will’s and Michael’s pit, 571, 573. 
Willis’s mine, 63. 
“mt. 69, 71, 80, 286, 290, 
312, 314, 
Willis’s river, 320. 
Wilson’s, 727. 
4 Col., 327. 
if mill, 354, 404. 


3 thermal, 563, 581, 589, 
590. 
Winchester, 92, 172, 173, 474, 521, 
623, 718. 


Winchester springs, 173. 
Winding ridge, 361. 
Windmill point, 432. © 
Windsor, 727. 
Winston’s, Mr., 441. 
Winterpock creek, 482, 534. 
Winticomack creek, 482, 483. 
Witcher’s creeks, 374, 378. 
Wolf, Mr., 366. 
Wolf creek, 394, 526, 584. 
“ «axis, 614, 620, 624, 
mt., 176, 614, 620. 
“run, 350. 
Wood co., 344, 510. nex 
Woodgrove furnace, 681, 683, 694, 
703. 
Wood’s, Mr., 208, 277, 388. 
4 James 8.; ore bank, 239. 
Wood’s (Paris and Wood’s bank), 
406, 


“ a“ 


Wood’s mt. (misnamed Appomattox), 
290. 

Woodstock, 172, 212, 215, 221, 395, 
422, 718, 

Woodstock road, 522. 

Woodward’s, 535. 

+ coal pits, 483. 

Woolley, Mr., 119. 

Worcester co., Mass., 752. 

Wormley’s creek, 37. 

Worth, Col., 678. 

Wright’s, Mr., 390. 

Wyke, Eng., 649. 

Wynn’s, Mr.; marl, 47, 155. 

Wythe co., 111, 113, 139, 160, 168, 
171, 196, 209, 216. 

Wythe C. H., 2238. 

Wytheville, 726, 


Yancey, Maj.; limestone, 301. 
Yancey’s cliff, 314. 
Yeatman’s, Mr., 311, 527. 
Yellow Springs, 101. 

“Sulphur springs, 563. 
Yerley’s, Mr.; marl, 151. 
York, 38, 44, 116. 

“ co., 82, 48, 47, 48. 

“cliff; marl, 48. 

«river, 4, 30, 121, 126, 263, 426. 
Yorkshire, Eng., coal fields, 68, 646, 

653. 

Yorkshire ; geology, 649, 655. 
Yorktown, 4, 12, 37, 271. 
Youghoganey river, 848, 361, 362. 


Zuni, 727. 
Zoblitz, Saxony, 754, 


THE END. 
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